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RE: U.S. Patent No. 4,562,073 



ISSUED: December 31, 1985 



Box Pat. 



TO: Ronald G. MICETICH et al . 



FOR: PENICILLIN DERIVATIVES 



Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



APPLICATION FOR EXTENSION OF PATENT TERM 
UNDER 35 U.S.C. 156 AND 37 C.F.R. 1.710 



Pursuant to Section 201(a) of the Drug Price Competition and 
Patent Term Restoration Act of 1984, 35 U.S.C. Sec 156, Taiho 
Pharmaceutical Company Ltd., owner of the above identified patent, 
hereby requests a 1358 day extension of the patent term of 
United States Patent No. 4,562,073, covering ZOSYN®, Sodium [2S- 
(2a , 3/3 , 5a) ] -3-methyl-7-oxo-3- (1H-1 , 2 , 3-triazol-l-ylmethyl ) -4-thia 
-1-azabicyclo [3.2.0] heptane-2-carboxylate 4,4-dioxide (CAN) 
granted to Ronald G. Micetich, Shigeru Yamabe, Motoaki Tanaka, 
Makoto Kajitani, Tomio Yamazaki and Naobumi Ishida, on December 31, 
1985. Taiho Pharmaceutical Company Ltd.'s ownership of the patent 
is evidenced by an assignment recorded in the U.S. Patent Office at 
Reel 4161, Frame 0964. Lederle Laboratories, which applied for the 
commercial marketing approval, is the licensee of the applicant 
under the patent in the United States of America. 

Applicant submits this application for the extension of the 
patent term of U.S. Patent No. 4,562,073 by providing the following 
information organized corresponding to 37 CFR 1.740. 

(1) The approved product is identified as ZOSYN® . ZOSYN® 
contains, as an active ingredient, tazobactam sodium, 
whose chemical name is Sodium [2S- (2a, 3/3, 5a)] -3-methyl-7-oxo-3- 
(1H-1, 2 , 3-triazol-l-ylmethyl) -4-thia- 1-azabicyclo [ 3 .2.0] 
heptane-2-carboxylate 4,4-dioxide (CAN) which is a compound having 
the following structural formula: 
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(2) The regulatory review period occurred under section 507 of the 
Federal Food, Drug and Cosmetic Act (FFDCA) (21 USC §357). Section 
507 provides for the submission and approval of new drug 
applications (NDAs) for antibiotic drugs. 

(3) ZOSYN* was approved by the Food and Drug Administration (FDA) 
for commercial marketing under section 507 of the FFDCA on October 
22, 1993. 

(4) ZOSYN® contains, as an active ingredient, tazobactam sodium. 
This active ingredient has not previously been approved for 
commercial marketing or use under 507 of the FFDCA. The other 
active ingredient in ZOSYN* is piperacillin sodium which had been 
previously approved for commercial marketing on December 29, 1981 
(NDA 50-545) for use in treatment of bacterial infections under 
Section 507 of the Federal Food, Drug and Cosmetic Act (21 U.S.C. 
§357) . 

(5) The product was approved for commercial marketing on October 
22, 1993. This application is being submitted within the permitted 
period, the last day within the sixty day period permitted for 
submission of an application for extension is December 20, 1993. 

(6) The patent for which patent term extension is sought is U.S. 
Patent No. 4,562,073, which issued on December 31, 1985, naming 
Ronald G. Micetich, Shigeru Yamabe, Motoaki Tanaka, Makoto 
Kajitani, Tomio Yamazaki and Naobumi Ishida as the inventors for 
PENICILLIN DERIVATIVES. The term of the patent has never been 
extended and has not yet expired. The unextended patent will 
expire on July 16, 2002. 

(7) A complete copy of U.S. Patent No. 4, 562, 07 3 in the prescribed 
form is attached as Attachment 1. 

(8) A copy of the Terminal Disclaimer disclaiming the portion of 
the patent subsequent to July 16, 2002 is attached as Attachment 2. 
A copy of the maintenance fee statements for U.S. Patent 4,562,07 3 
indicating that the maintenance fees have been paid is attached as 
Attachment 3. 

(9) U.S. Patent No. 4,562,073 claims the approved product. 
Specifically, the active ingredient tazobactam is claimed in claim 
1, which follows: 

1. A penicillin derivative represented by the following 
formula 

o o 
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wherein R. is hydrogen or trialkylsily; R, is hydrogen, 
trialkylsilyl or COORj' wherein R,' is hydrogen, c t . 18 
alkyl , C, 7 alkoxymethyl , C 3 . 6 alkylcarbonyloxymethyl , 
C, 0 alkylcarbonyloxyethyl, (C 5 . 7 cycloalkyl) carbonyloxy- 
methyl, C 9 u benzylcarbonyloxyalkyl, C 3 _ 8 alkoxy- 
carbonylmethyl , C, 9 alkoxycarbonylethyl , phthalidyl , 
crotonolacton-4-yl, Y-butyrolacton-4-yl, halogenated C,_ 6 
alkyl substituted with 1 to 3 halogen atoms, C,_ 6 alkoxy- 
or nitro-substituted or unsubstituted benzyl, benzhydryl, 
tetrahydropyranyl , dimethylaminoethyl , dimethyl- 
chlorosilyl, trichlorosilyl, (5 -substituted C,_ 6 alkyl or 
phenyl or unsubstituted-2-oxo-l, 3-dioxoden-4-yl) methyl, 
C- ,, benzoyloxyalkyl or group for forming a 
pharmaceutically acceptable salt; and R 3 has the same 
meaning as above R 2 '. 

Tazobactam is covered in dependent claim 8 as follows: 

8. The penicillin derivative as defined in claim 1 wherein R 3 
is a group for forming a pharmaceutically acceptable salt. 

Tazobactam is covered in dependent claim 10 as follows: 

10. The penicillin derivative as defined in claim 8 wherein 
the group for forming the pharmaceutically acceptable salt 
represented by R, is alkali metal atom, alkaline earth metal 
atom or ammonium, or the group COOR 3 represents a carboxylic 
acid salt formed from the carboxyl group and a member selected 
from the group consisting of cyclohexylamine, trimethylamine, 
diethanolamine, arginine and lysine. 



Tazobactam is also covered in dependent claim 11 as follows: 

11. The penicillin derivative as defined in claim 1 
wherein R 1 and Rj are hydrogen. 

and by dependent claims 17 and 18 which further recite a "group 
for forming a pharmaceutically acceptable salt" for R 3 . ZOSYN*, as 
a pharmaceutical composition containing a combination of tazobactam 
sodium and piperacillin sodium, a /3-lactam antibiotic, is also 
covered by claim 15 as follows: 

15. A pharmaceutical composition useful for treating 
bacterial infections in mammals, said composition 
comprising (A) a /3-lactam antibiotic and (B) a compound 
of the formula 
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wherein R. is hydrogen or trialkylsilyl ; Rj is hydrogen, 
trialkylsilyl or COOR* wherein R,' is hydrogen, C,.^ 
alkyl, C, , alkoxymethyl, ^ alkyl carbonyloxymethyl, 
C, 0 alkylcarbonyloxyethyl, (Cc. 7 cycloalkyl) 
carbonyloxymethyl, C 9 . H benzylcarbonyloxyalkyl , c 3 . 8 
alkoxycarbonylmethyl, C 4 . 9 alkoxycarbonylethyl , 
phthalidyl, crotonolacton-4-yl, y-butyrolacton-4-yl, 
halogenated C. , alkyl substituted with 1 to 3 halogen 
atoms, C. , alkoxy- or nitro-substituted or unsubstituted 
benzyl, benzhydryl, tetrahydropyranyl , 

dimethylaminoethyl, dimethylchlorosilyl, trichlorosilyl, 
(5-substituted C,. 6 alkyl or phenyl or 
unsubstituted-2-oxo-l,3-dioxoden-4-yl) methyl, 
C benzoyl oxyalkyl or group for forming a pharmaceutical ly 
acceptable salt; and R3 has the same meaning as above R, ' , 
the weight ratio of (A) /(B) being 0.1 to 10, said /3-lactam 
antibiotics being selected from the group consisting of 
ampicillin, amoxicillin, hetacillin, ciclacillin, mecillinam, 
carbenicillin, sulbenicillin, ticarcillin, piperacillin, 
apalcillin, methicillin, mezlocillin, bacampicillin, 
carindacillin, talampicillin, carfecillin and 
pivmecillinam, cephaloridine, cephalothin, cephapirin, 
cephacetrile, cefazolin, cephalexin, cefradine, cefotiam, 
methicillin, mezlocillin, bacampicillin, carindacillin, 
talampicillin, carfecillin and pivmecillinam, cephaloridine, 
cephalothin, cephapirin, cephacetrile, 
cefazolin, cephalexin, cefradine, 
cefamandole, cefuroxime, cefoxitin, 
cefmetazole, cefsulodin, cef operazone, 
cefotaxime, ceftizoxime, cefmenoxime, 
latamoxef, cefaclor, cefroxadine, cefatrizine, 
cefadroxil and cephaloglycin; and 
pharmaceutically acceptable salts thereof. 

(ZOSYN® contains a combination of piperacillin sodium and 
tazobactam sodium wherein the weight ratl ° , ° f 
piperacillin/tazobactam is 8:1, which is within the range of 0.1 to 
10 as recited in the claim) . 

ZOSYN® is approved for the treatment of certain bacterial 
infections. This use is covered by claim 16 which recites the 
method of treating bacterial infections by administering a 
pharmaceutical composition containing tazobactam and a ^-lactam 
antibiotic as follows: 



16. A method of treating a bacterial infection in a 
mammal subject, said method comprising administering to 
said subject (A) a /3-lactam antibiotic and (B) a compound 



of the formula 




wherein R. is hydrogen or trialkylsilyl ; R, is hydrogen, 
trialkylsilyl or COOR% wherein R 2 ' is hydrogen, 
alkyl, C 27 alkoxymethyl, C 3 . 8 alkylcarbonyloxymethyl , 
S : o alkyicarbonyloxyethyl, 3 (C 5 . 7 cycloalkyl) carbonyl- 
oxymethyl, C 9 . u benzylcarbonyloxyalkyl , C 3 alkoxy- 
carbonylmethyi 4 , C- 9 alkoxycarbonylethyl , phthalidyl, 
crotonolacton-4-yl' y-butyrolacton-4-yl, halogenated C 6 
alkvl substituted with 1 to 3 halogen atoms, C. 6 alkoxy- 
or nitro-substituted or unsubstituted benzyl, benzhydryl, 
tetrahvdropyranyl , dimethylaminoethyl , dxmethyl- 
chiorosilyl! trichlorosilyl, (^substituted C t alkyl or 
phenyl or un-substituted-2-oxo-l, 3-dioxoden-4-yl) methyl , C 8 
benzoyloxyalkyl or group for forming a pharmaceutical^ 
acceptable salt; and Rj has the same meaning as above 
5?', the weight ratio of (A)/(B) administered I being 0. 1 
to 10, said ^-lactam antibiotics being selected from the 
group consisting of ampicillin, amoxicillin, hetacillin, 
ciclacillin, mecillinam, carbenicillm, sulbenicillin, 
ticarcillin, piperacillin, apalcillin, methicillin, 
mezlocillin, bacampicillin, canndacillin, talampicillm, 
carfecillin and pivmecillinam, cephalondine, 
cephalothin, cephapirin, cephacetrile, cefazolin, 
cephalexin, cefradine, cefotiam, cefamandole, cefuroxime, 
cefoxitin, cefmetazole, cefsulodin, cefoperazone, 
cefotaxime, ceftizoxime, cefmenoxime, latamoxef, 
cefaclor, cefroxadine, cefatrizine, cefadroxil and 
cephaloglycin; and pharmaceutically acceptable salts 
thereof. 



(10) The relevant dates and information pursuant to 35 USC 156(g) 
are as follows: 

(a) IND No. 31,705 submitted to FDA on June 10, 1988 

(b) Effective date of IND No. 31,705 « July 10, 1988 

(c) NDA No. 50-684 submitted to FDA on August 30, 1991 

(d) NDA No. 50-684 approved by FDA on October 22, 1993 



t 
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11) A brief description of the significant activities undertaken 
bv the applicants licensee during the applicable regulatory review 
pLiod with respect to the approved product and the significant 
dateSapplicable to such activities is attached as attachment 4 . 



! 
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(12) In the opinion of the applicant, this patent is eligible for 
the reouested 1358 day extension because, the term of the patent 
has not vet expired, the term of the patent has never been 
extended the application for extension is submitted by the owner 
of record of the patent, the product has been subject to a 
regulatory review period before its commercial marketing or use, 
and remission for the commercial marketing of the product is the 
IJrsr^er^tted T commercial marketing of the product under the 
provision of law under which the regulatory review occurred. 

The regulatory review period started on July 10, 1988 , the day 
that IND 31,705 became effective under section 507(d) of the FFDCA . 
This was subsequent to the issuance of Patent No. 4,562,07 3 on 
December 31, 1985. 

(i) The regulatory review period under 35 U.S.C. §156 
(g)(1)(B) began July 10, 1988 and ended October 22, 1993, 
which is a total of 1931 days, which is the sum of (n) and 
(iii) below: 

(ii) The period of review under 35 U.S.C. §156(g) (1) (B) 

(i) the "Testing Period", began on July 10, 1988 (since 
the' IND was filed 30 days prior to test date and was not 
disapproved by the FDA during that period), and ended on 
August 30, 1991, which is 1147 days (half this period is 573.5). 

(iii) The period of review under 35 U.S.C. §156 (g) (1) (B) 

(ii) the "Application Period", began on August 30, 1991, 
and' ended October 22, 1993, which is 784 days. 

The regulatory review period upon which the period of 
extension is calculated is the entire regulatory review 
period, as determined above (1931 days) less: 

(i) the number of days in the regulatory review period 
which were on or before the date on which the patent 
issued, December 31, 1985, which is zero (0) days; and 

(ii) the number of days during which applicant did not 
act with due diligence, which is zero (0) days; and 

(iii) one-half the number of days determined in 
subparagraph 12 (ii), the "Testing Period" above after 
subtracting therefrom the number of days which were on or 
before the date on which the patent issued and the number of 
days during which applicant did not act with due diligence 
(zero in total) or 573 days. 

1931 - 573 - 1358 days 



I 
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The number of days as determined above (1358 days) when added 
to the original term of the patent would result in the new patent 
expiration date of April 3, 2006. 

Fourteen (14) years, when added to the date of NDA 
approval (October 22, 1993), would result in the date of 
October 22, 2007. 

The issuance of the original patent and the submission of the 
request for exemption occurred after September 24, 1984. Thus the 
period of the limitation under 35 U.S.C. §156 (g) (6) (A) is five (5) 
years. Five years, when added to the original expiration date of 
the patent (July 16, 2002), would result in the date July 16, 2007. 

The earlier date, as determined above, is April 3, 2006. 

Therefore, the length of extension of the patent term claimed 
by applicant is 1358 days. 



10 



(13) Applicant acknowledges the duty to disclose to the 
commissioner of Patents and Trademarks and the Secretary of Health 
and Human services any information which is material to the 
determination of entitlement to the extension sought in this 
application for extension of the patent term. 

(14) The fee of $1000.00 is enclosed with this application. 

(15) Inquiries and correspondence relating to this application for 
extension are to be directed to: 

Robert B. Murray 

Nikaido, Marmelstein, Murray & Oram 
655 Fifteenth St. N.W. Suite 330 
Washington, D.C. 20005-5701 
(202) 638-5000 

(16) This application for extension of the patent term is being 
submitted in duplicate, as certified below. 

(17) The undersigned hereby declares that he is a patent attorney 
authorized to practice before the United States Patent and 
Trademark Office and has general authority from applicant, Taiho 
Pharmaceutical Company, Limited (power of attorney attached as 
Attachment 5) , for the purpose of transacting all matters 
reasonably related to obtaining an extension of the patent term for 
U.S. Patent No. 4,562,073, to act on its behalf in patent matters; 
that he has reviewed and understands the contents of the 
application being submitted pursuant to 35 USC 156; that he 
believes the patent is subject to extension pursuant to 37 CFR 
1.710; that he believes an extension of the length claimed is fully 
justified under 35 USC 156, and the applicable regulations; and 
that he believes the patent for which the extension is being sought 
meets the conditions for extension of the term of a patent as set 
forth in 37 CFR 1.720. 




mitted, 



irray 

Attorney for Applicants 
Reg. No. 22,980 



Atty. Docket No. P102-3010 
Metropolitan Square 
655 Fifteenth Street, N.W. 
Suite 330 - G Street Lobby 
Washington, D.C. 20005-5701 
(202) 638-5000 
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[57] ABSTRACT 

A .penicillin derivative represented by the following 
formula 




wherein R| is hydrogen or irialkylsilyl: R: is hydrogen, 
trialkylsilvi or COOP*;' wherein R?' is hydrogen. Cj.jx 
alkyl. Cj.7 iiikoAvmethyl. Cj.y aikylcarbonyioAVincthyl. 

alkylcarbonyloxyethyl, (C5.7 cycloalkyDcar- 
bonykuymethyl, Gj.u benzylcarbonyioxyalkyi, C3.S 
aJkoxycarbonylmethyl, Q-q alkoxycarbonylethyl. 
phthaJidyl, crotonolacton-s-yl. y-butyroiac;cn-4-y!. 
haJogenated Cj.o alkyl substituted with 1 10 3 halogen 
atoms, Cj.ftalkoxy- or nitro-substituted or unsubstiiuted 
benzyl, benzhydryl tetrahydropyranyl. dimethylami- 
noethyU dimethylchlorosilyl. trichlorosiiyl. ( Sub- 
stituted Ci-6. alkyl or phenyl ur unsubstuuted-2-oxc- 1.3- 
dioxoden-4-yl)methyl. Cr.m benzoyloxyalky! or group 
for forming a pharmaceuticaily acceptable sait: and R.- 
has the same meaning as above R?\ 
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PENICILLIN DERIVATIVES 

Thib invention relates to penicillin derivatives and to 
a process lor preparing them. 

01" the commercially available antibiotics. j3-lactam 
type antibiotics hcving a ^-lactam ring, namely per.icil- 
lins and cephalosporins, are best known and frequently 
used. Although widely used ar. useful chemotherapeutic 
drugs, the /^-lactam type antibiotics can not achieve 
satisfactory effects against some types of microorgan- 
isms oecause of resistance of the microorganism to the 
/3-lactam type antibiotics. The resistance thereof are 
usually attributable to /^-lactamase produced by the 
microorganism. The /3-lactamase is an enzyme which 
acts to cie^vv the /^-lactam ring of the /3-lactam type 
antibiotic, thereby causing the antibiotic to lose its anti- 
microbial activity. For this reason, the action of fl-lacta- 
mase must be eliminated or inhibited so as to enable the 
/3-lactam type antibiotic to produce satisfactory effects. 
The elimination or inhibition of the /^-lactamase activity 
can be achieved by /3-lactamase inhibitors, which are 
used conjointly with the p-\aciimi iypc antibiotic to 
increase the antimicrobial activity of the antibiotic. 

1; is an object of the present invention to provide 
novel compound: having ^-lactamase inhibitory action. 

It is another object of the invention to provide pro- 
cesses for preparing the same. 

1 1 is a further object of the invention to provide a 
pharmaceutical composition having excellent ^-lacta- 
mase inhibitory action. 

It is an additional object of the invention to provide 
compositions which, when combined with p-lactam 
type antibiotics, can increase the antibacterial activity' 
of the antibiotics. 

The penicillin derivatives of the present invention are 
represented by the formula 

O O (I) 




H COOK.; 



wherein R| is hydrogen or irialkylsilyl, R2 is hydrogen, 
trialkyisiiy] or COOR2' wherein R2' is hydrogen. Cms 
alkyl, C2-7 alkoxymethyt, C3.8 alkylcarbonyloxymethyl, 
Cm) al.kylcarbonyloxyethyl. (C5.7 cycloalkyl)car- 
bonvioxymethyl. Cq.u benzylcarbonyloxyalkyl, C3.8 
alVoxycarbonylmethyl. Cuo alkoxycarbonylethyl, 
phthalidyl, crotonolacton-4-yl, y-butyrolacton-4-yl, 
halogenated Ci.*, alkyl substituted with 1 tc 3 halogen 
atoms, Ci-aalkoxy- or nitro-substituted or unsubstituted 
benzyl, benzhydryl, t ctrah y drop y ran yl, dimeihylami- 
noethyl. dimethylchlorosilyl, trichlorosilyl, (5-sub- 
stuuted Ci-a aJkyi or phenyl or unsubstituted-2-oxo-i,3- 
dioxoden-4-yI)methyh Cs-13 benzoyloxyalkyl and group 
for forming a pharmaceutically acceptable salt; and R3 
has the same meaning as R2'. 

The penicillin derivatives of the present invention are 
all novel compounds and have /^-lactamase inhibitory 
properties, hence useful as /3-laciarna.se inhibitory 
agents. 

The penicillin derivatives of the invention, when used 
in combination with a known jS-laciam type antibiotic. 



can increase the antimicrobial activ ity of :he ^-lactam 
type antibiotic. 

Examples of antibiotics whicn can be used conjointly 
with the compound* of the present invention are /Mac- 
5 tarn antibiotics which exhibit antibacterial action 
again*: gram-positive or gran. -negative jacieria and 
which include commonly used penicillins such as ampi- 
cillin, amoxicillin, hetacillin, cirlacillm. mecillinam. 
earbenicillin. sulbemcillin, ticarcillin. piperacillin, apal- 
10 cillin. methicillin. mezlocillin and salts thereof: esters of 
penicillins such as bacampic'illin. carindaciltin. talam- 
picillin. carfecillin and pivmecillinam; cephalosponns 
such as cephaloridine. cephalothin. cephapirin. ceph- 
accli iic, ccfazoiin, cephalexin, ccfradir.c. ecfot^rr., ccfa- 
15 mandole. cefuroxime. cefoxitin, cefmetazole. cefsulo- 
din. cefoperazone, cefotaxime. cefti:oxime. cefnienox- 
ime, latamoxef, cefaclor, cefroxadine, cetamzine.. cefa- 
droxil, cephaloglycin. and salts thereof. The /Mactam 
antibiotics are usually used in an amount of about 0.1 to 
20 about 10 pans by weight, preferably about C.2 to about 
5 parts by weight, per part by wight of thr .—mnound 
of the invention. 

Examples of the iriaS'r.vtsilyl groups represented by 
Ri and R; in the formula {D inciuoe trialkylsiiyl having 
25 straight-chain or branched-chain Ci-n alky! su*:h as 
merhyl, ethyl, propyl, isopropyl. butyl, ten-butyl, pen- 
tvl. hexvL and the like. 

* Examples of the group R: of COOR:' representee by 
R : in the formula (I) include: Cms alky! such as methyi. 
}0 ethvl, propvl. isopropyl. urt-bi:ty!. peniyl. hexvl. decvl. 
undecyh dodecyl. teiradecyl, hexadecyl. octadecyl and 
like straight- or branched-chain alkyl: C;.- alkox- 
ymethyl such as methoxymethyl. eihoxymethyl. propy- 
ioxymethyl. isopropyloxymeihyl. . butoxymethyi ana 
•>« u«<..i~»"~~»^»'i' ^ • " *»iHv!c2rbcnvloxY?r.ethv! such 
rnTthvl^ sthylcarbonyloxymethyl. 
butylcarbonyloxyrnethyl and her.ylcarbonyloxymethyi; 
Ci_g alkvlcarbonyloxyethyl such as methylcarborylox- 
yethyl. ethvlcarbonyioxyethyi. butyicarbonyioxyethyi 
40 and ' pivaloyioxyethyl: (Cy cycloalkylkarbonyiox- 
ymethvl such as cyclopentylcarbonyloxymethyl. cy- 
clobexvlcarbonvloxymethyl and cycbheptylcar- 
bonyloxvmethyi; C«.u benzylcarbonylo.-iyalkyl such as 
benzvlcarbonyloxymethyl. benzyL -bonyloxyethyl. 
4< benzvlcarbonvlojcypropyl and benzylcarbonyloxybutyi; 
Cy g alkox-carbonvlmethyl such as methoxycarbonyi- 
methvl. ethoxycarbonylmethyl. propyioxycarbonyl- 
methyl and hexyloxycarbonyimethyl; Cj-q alkoxycar- 
bonylethvl such" as methoxycarbonylethyl. ethoxycar- 
50 bonylethvK propvloxycarbonylethyl. butoxycar- 
bonvlethvl and hexyloxycarbonylethyl; halogenated 
C Jalkvi substituted with 1 to J halogen atoms such as 
chloromethyl. 2.2-dibromcethyl and tnchloroethyi; 
Ci.6alkoxy- or nitro-substif ?d or unsubstituted benzyi 
. S5 such as p-methoxybenzyl. p-ethoxybenzyl. o-nitroben- 
zyl and p-nitrobenzyl; (5-substituted C|. 6 alkyl or 
phenyl or unsubstituted-2-oxo-I.3-diGxoden-4- 
yl)methyl such as (2-oxo-l ,3-dioxoden-4-yl)methyl, (5- 
methvi-i-oxo-i,3-dioxodcn-^-yi)meihyl and (5-phenyl- 
60 2-oxo-U-dioxoden-4-yl)methyl; C S -i3 benzoyloxyalkyl 
such as benzoyloxymethyl. benzoyloxyethyl, ben- 
zovloxvpropyl and benzoyloxybutyl; etc. 

Examples of the groups represented by R 3 in the 
formula (I) are the same as those exemplified in respect 
o5 of the group R:'- t . , f 

The ester residues represented by R2 ana R3 inciuae 
both carboxyl-protect ; ng groups acceptable in the syn- 
thesis cf penicillin compounds and pharmaceutical^ 
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acceptable ester residues. A pharmaceuucally accept- 
able ester having iuch residue ts an ester which is easily 
hydrolyzed in vivo and which is a non-poisonous ester 
capable of rapidly decomposing in the blood or tissue of 
humans, thereby producing th- corresponding acid of 
the formula (I) in which R; is hydrogen atom. Gener- 
ally in the synthesis of penicillin compounds, ester- 
protecting groups are used in the art to protect penicil- 
lin carboxyl groups or other carboxyl groups. While it 
is difficult to determine which ester-protecting group 
should be used, consideration are usually given to select 
esters in which the protecting group per se is suffi- 
ciently stabL iu the r ex. c Tier, -ind which does n^t permit 
cleavage of the /J-lactam ring in removal of the ester- 
protecting groups. Most commonly used as such ester- 
protecting groups are p-nitrcbenzyl group, benzhydryl 
group, trichleroethyl group, trichiorosiiyl group, tetra- 
hydropyranyl group, etc. Examples of the pharmaceuti- 
caily acceptable ester groups are phthalidyl. crotono- 
lacton-4-yl, y-butyrolacton-4-yl. (2-oxo-l,3-dioxoden-*- 
yOmethyl, etc. 

Examples of the group for forming a pharmaceuti- 
cailv acceptable salt represented by RV and R> in the 
formula (I) include; sodium, potassium, lithium, or like 
alkali meta! atoms; calcium, magnesium or like alkaline 
earth metal atoms; cyclohexylamine, tnmethylamine, 
diethanolamine or like organic amine; arginine. lysine or 
like basic amine acid residues; ammonium residues, etc. 

The penicillin derivatives of the present invention 
having the formula (I) can be prepared by the processes 
as shown in reaction equations given below. The pro- 
cesses differ according to the kind of the groups repre- 
sented by Ri and R2. 



rion Pr\n-jm >n. 1 



,CH;Nj R|C=CRj(!in 



I r y^cH, "~ 



COOR4 
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, I — \* _ ■■ R < * 



Stcn (B) ^ 



COORj 

(IV, 



o o 



R< 



(1-a) 

In the foregoing formulae, R\ and R3 are as defined 
above, R4 is penicillin carboxyi-protecting group and 
R< is trialkylsilyl or COOR:' wherein R2' is as defined 
above. 

Examples of the penicillin carboxyl protecting group 
expressed by R4 include known groups such as those 
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described in Japanese Unexamined Pateu Publication 
No 81 3«0MQ^-i and H F Flynn. "Cephalosporins and 
Penicillins Chemistry and Eiulugy'* (published in 1972 
by Academic Press). Specific examples (hereof are 

5 ethyl, propyl, ten-butyi. mchloroethyl and like substi- 
tuted or unsubstituted alkyi groups: bcnz>i. diphenyl 
methyl, p-nitrobenzyl and like substituted or unsubsti- 
tuted ars.IVyl group*; accioxymethyl. acetoxyethyl, pro- 
pionyloxyethyl, pivaioyloxyeihyl. pivaloyloxypropyl, 

10 benzyloxymethyl. benzyloxyethyl. benzylcarbonylox- 
ymethyL cyciohexylcarbonyloxymethyl and like acyl- 
oxyalkyl groups, methoxymethyl. othoxymethyl, ben- 
zyloxymethyl and like aikoxyaikyl groups; and other 
groups such as tetrahydropyranyl. dimeth} laminocthyl. 

15 dimethylchlorosilyl. trichlorosilyl and like groups. 

The steps (A) and (B) of the foregoing process will be 
described below in detail. 

Step (A) 

20 A pcii'icillanic acid derivative of the formula (II) :s 
reacted rvith -i: -^fyiene derive isr- of the fc.im/ta till) 
to provide a cumpound of the formula (IV). The reac- 
tion is conducted in a suitable solvent by reacting a 
known penicillanic acid derivative of the formula (II) 
25 with a known acetylene derivative of the formula (III) 
in an amount of about 1 to about 50 moies. preferably 
about 1 to about 10 moies. per moie of the derivative of 
the formula (II). 

Tne solvents useful in the reaction arc not particu- 
" % larly limited and include any of those which uo wo; 
adversely affect the reaction. Specific examples of the 
solvents are an acetylene derivative of the formula (III) 
as used in excess amount or benzene, toluene, xylene 
and like aromatic hydrocarbons, tetrahydrofuran. diox- 
J ' ane or like ethers, acetone and like polar oiganic sol- 
vents; etc. These solvents are used singly or in mixture. 
The reaction proceeds usually at a temperature of be- 
tween about 50* C. and a boiling point of the solvent, or 
•a at a temperature of less than 200* C. in a sealed reactor. 

and ^oes to completion in about 2 to about 72 hours. 
i Depending upon the kind of the penicillin carboxyl 
protecting group represented by Ka. the compounds of 
the formula (IV) obtained in step (A) may be esters of 
45 the penicillin derivatives of the present invention hav-. 
ing the formula (I). The compounds of the formula (IV) 
are preferably subjected to de-esterification to form a 
derivative of the formula (I-a) in which R3 is hydrogen 
which, in turn, is converted into a pharmaceutically 
50 acceptable salt or ester thereof as in the following step 
(B). The compound of the formula (IV) can also be 
made into an ester of the formula (I-a) by the conven- 
tional ester interchange reaction in the step (B). 

Step (B) 

The compound of the formula (IV) is subjected to 
de-esterification without or after isolation from the 
reaction mixture obtained in step (A), whereby a peni- 
ciiiin derivative of the formula (I-a) m winch R.; is hy- 

60 drogen is obtained. 

As the de-esterification method, reduction, hydroly- 
sis, treatment with ^n acid and like method can be em- 
ployed for convening the carboxyl-protecting group to 
carboxyl group. For example. Lf the carboxyl-protecting 

65 group is an active ester, the reaction frequently pro- 
ceeds with ease under mild hydrolysis conditions or by 
merely bringing the estrr into contact with water. The 
reduction method is employed when the carboxyl- 
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protecting group is tnehloroethylbenzvl, p-niirobcnzyl. 
aiphcnylmcihyl or the like. Treatment with an acid is 
adopted when the carboxyl-protecting group is 4- 
methoxybenzyl. ten-butyl, tntyl. diphenylmethyl. me- 
thoxymethyl. tctrahydropyranyl or the like. 

The reduction can be conducted by treating the ester 
of the formula (IV) with a mixture of (a) zinc, zinc- 
amalgam or like metal and/or chromium chloride, chro- 
mium acetate or like chromium salt and (b) formic acid, 
acetic acid or like acid. Alternatively, the reduction can 
b«- conducted with use of a catalyst in hydrogen atomos- 
phere in a solvent. Examples of the catalysis are plati- 
num, plaiii.^iu oxide, palladium, palladium oxide, pal- 
ladium-bariuM sulfate, palladium-calcium carbonate, 
palladium-carbon, nickel oxide, Raney-nickel, etc. The 
solvents are not particularly limited so far as they do not 
adversely effect the reaction, and include methanol, 
ethanol and like alcohols; tetrahydrofuran, dioxane and 
like ethers; ethyl acetate and like esters; acetic acid and 
like fatty acids; and a mixture of these organic solvents 
and water. 

The acids useful for eliminating the carboxyl-protect- 
ing group of the ester of the formula (I-a) are formic 
ac^r acetic acid and like lower fatty acids; trichloroace- 
tic acid, trifluoroacetic acid and like trihalogenated 
acetic acids; hydrochloric acid, hydrofluoric acid and 
like hydrohaJogenic acids; p-toluene-sulfonic acid, tri- 
fluoromethane-sulfonic acid and like organic sulfonic 
acids; and a mixture of these. In this reaction, when the 
acid used is in a liquid state and acts also as a solvent, it 
is not necessary to use other solvents. However, di- 
methyl formamide. dichloromethane, chloroform, tetra- 
hydrofuran, acetone and like solvents which do not 
adversely affect the reaction may be used. 

*T"u« ~.o.^> 1 1 '■> «~ 'ativc cf the present invention 
having the formula (I-a) in which R3 is hydrogen can be 
transformed by the salt-forming reaction or esterifica- 
tion commonly employed in the art into a pharmaceuti- 
cally acceptable salt or ester as contemplated. 

If the ester residue is. for example, 3-phthalidyI. 
croionoiacton-i-yl, y-butyrolacton-4-yl or like group, 
the penicillin derivative of the formula (IV) can be 
alkylated by using 3-halogenated phthaiide. 4- 
halogenated crotonolactone, 4-halogenated--y- 
butyrolactone or the like. Suitable halogens of the fore- 
going halides include chlorine, bromine, iodine, etc. 
The reaction is carried out by dissolving the salt of the 
penicillin derivative of the formula (IV) in N,N-dime- 
thylformamide or like suitable polar organic solvent and 
adding an approximately equimolecular amount of a 
halide to the solution. The reaction temperature ranges 
from about 0* to about 100* C, preferably from about 
15* to about 35' C. Suitable salts of the penicillin deriva- 
tive to be used in the esterification are salts of sodium, 
potassium or like alkali metals; salts of triethylamine, 
ethyldiisopropylamine, N-ethylpipcridine, N.N-dime- 
thylaniline, N-methylmorphoiine or like tertiary 
amines, etc. After completion of the reaction, the con- 
tcmpiatsd product can be easily separated by the con- 
ventional method and also can be purified, when re- 
quired, by recrysiallization, thin layer chromatography, 
column chromatography or like method. 

The comr>onnd of the formula (TI) to be used as the 
starting material in the step (A) is a novel compound 
undisclosed in litenure and can be synthesized by the 
method described in Japanese Patent Application No. 
69142/1982. (relating to an invention accomplished by 
us). The disclosed method comprises the steps of react- 
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tng a metal azide with a known derivative jf penicil- 
lar.ic acid of the formula 



wherein X represent? chlorine atom or bromine atom 
and Ra is as defined above, oxydizing the reaction mix- 
ture and subjecting the resulting cuinpound to de- 

^ estenfication. 

The foregoing method will be descv.bed below in 
detail. The reaction between the com pound of the for- 
mula (V) and the metal azide is conducted in a suitable 
solv---; by using the metal azide in an amount of about 

20 1 to about 50 moles, preferably about 1 to about 10 
moles, per r.-.^le of the compound ot" the for— ul? (V). 
Examples of the metal azides which can be used include 
those commonly used, such as sodium azide. potassium 

25 azide and like azides of alkali metais, and barium azide 
and like azides of alkaline eanh metals. Useful solvents 
are not particularly limited as far as they do not ad- 
versely affect the reaction. Examples of useful solvents 

30 are dimethylformamide. ethyl acetate, acetone, dichlo- 
romethane. tetrahydrofuran, dioxane, methanol, et Ha- 
noi and like organic solvents. These organic solvents 
can be used singly or in mixtures. Also a mixture of such 

^ solvent and water is usable. The reaction proceeds at a 
temperature of usually about -20* to about 100* C. 
preferably about 0° to about 10U e C. The resulting prod- 
uct can be used in subsequent oxidation without isola- 
tion, or alternatively after isolation and purification by a 

40 conventional method. The oxidation subsequent to the 
azide-forming reaction is conducted. by using an oxidiz- 
ing agent commonly employed such as permanganic 
acid, periodic acid, peracetic acid, performic acid, tri- 

45 fluoroperacetic acid, perbenzoic acid, m-chioroperben- 
zoic acid, hydrogen peroxide, etc. The oxidizing agent 
can be used in large excess, and may be employed pref- 
erably in an amount of about 1 to about 2 moles per 

50 mole of the smarting compound. The oxidation is carried 
out usually in a suitable solvent. Useful solvents include 
any of those which do not adversely affect the oxidation 
reaction such as chloroform, pyridine, tetrahydrofuran, 
dioxane, methylene chloride, carbon tetrachloride. 

^ acetic acid, formic acid, dimethylformamide. water, etc. 
The oxidation is performed at a temperature which is 
not particularly limited but generally ranges from room 

irrmTwrra t trre-t croocA i rwr- tern p-ers * urerijreferably-abGtH-O- 

60 to about 30* C. 

The compound thus obtained is subjected to de- 
esterification whereby the compound of the formula 
(II) can be produced. The de-esterification is'effected 

6 . under the same conditions as shown in the reaction 
scheme of the step (B). The process for preparing the 
compound of the formula (II) is described in detail in 
reference examples tu be set forth later. 
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In the foregoing formulae. R-i is as defined above. RT 
and R<' are the same groups as those represented by R| 
and R<and at least one of them is trialkylsilyl group, and 
Rt> represents hydrogen or COOR 2 ' wherein R?' is as 
defined above. 

The compound of the formula (I) wherein at least one 
of R; and R2 is hydrogen atom, namely the compound 
of the formula (i-b), can be prepared by the process 
shown above in Reaction Equation-2. The steps in the 
process are set forth below in detail. 

Step (C) 

The compound of the formula (II) is reacted with a 
compound of the formula (HIT in a solvent such as 
dichloromethane, dichloroethane, chloroform or like 
halogenated hydrocarbons. During this reaction, reac- 

•^H>THff>i^^m^ng-th^-trial Vylc^y1 prrmppr^^s aT Tn) » 

same time, whereby a compound of the formula (VI) is 
produced. Useful solvents are not particularly limited as 
far as they are halogenated hydrocarbons. The reaction 
conditions including the reaction temperature, the pro- 
portions of the reagents to be used and the reaction time 
are similar to those in the step (A). 

Depending upon the kind of the penicillin r^toxyl- 
protectir.g group represented by R4, the compound of 
the formula (VI) thus obtained may be the product as 
contemplated, i.e., an ester of the penicillin derivative of 
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the formula (I). More preferably ther ester of the formula 
(VI) is subjected to de-esierification a*» in 'he step (B> so 
that the compound is transformed to a penicillin deriva- 
tive of the present invention during the formula (1-b) in 
5 which R3 is hydrogen which is convened, when re- 
quired, in the conventional manner into a maceuti- 
caliy acceptable salt thereof or eMer ther ennteu*- 



The compound of the formula (VI) is subjected to 
de-csterification after or without isolation from the 
reaction product obtained in the step (C). whereby a 
penicillin derivative of the formula (I-b) in which R3 is 
hydrogen is produced. The de-esterification is carried 
out under the same conditions as ihc>e described above 
in respect of the step (B). 

The compound of the formula (VI) can be prepared 
by the process in the step (C) and 3lso by the process to 
be set forth below in step (E). 



The compound of the formula (IV) obtained *n 

25 step (A) as shown in Reaction Equation-! wherein at 
least one of R] and R5 is trialkylsilyl, namely the com- 
pound cf the formula (IV), is subjected to reaction for 
removing the trialkylsilyl in the presence of potassium 
fluoride after or without isolation from the reaction 

30 product obtained in the step (A), whereby 2 compound 
of the formula (VI) is produced. The trialkylsilyl- 
remoying reaction is conducted in a suitable solvent by 
using potassium fluoride in an amount of over about 1 
* mole, preferably about i mole, and a catalyst in an 

35 amount of about 1/50 to about 1/10 mole, both per mole 
of the compound O; the formula (IV). Useful as the 
catalyst is a phase transfer catalyst such as quaternary 
ammonium salt, crown ether or the like. Examples of 
useful solvents are any suitable solvents which do not 

40 adversely affect the reaction and which include ben- 
zene, toluene, xylene or like aromatic hydrocarbons; 
acetonitrile. N.N-dirnethylformamide, dimethylsulfox- 
ide or like non-protomc polar solvents; etc. The reac- 
tion temperature and reaction time are appropriately 

4 " determined. Generally the reaction is performed at a 
temperature in the range of room temperature to about 
100° C, and completes in about 1 to about 10 hours. 



plated 



10 



Step (D) 



Step (E) 
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In the foregoing formulae, R-;ii s r - defined above, and 
R 7 represents acyloxy group. 

Examples of the acyloxy groups represented by R7 
are lower acyloxy groups having 2 to 5 carbon atoms 
such as acf.oxy. propionyioxy. butyryloxy. vaieryloxy 
or like aliphatic acyloxy groups and benzoyioxy or like 
aromatic acyloxy groups, etc. 

The compound of the formula (I) wherein Ri and_R: 
are hydrogen atoms, namely the compound of the tor- 
muia '{M can be produced bv the process as shown 
above in Reaction Equation-3. 

Th: steps (F) and (G) in Reaction Equationo will oc 
described beiow in detail. 

Step (F) 

The penicillanic acid derivative of ' * formula (II) is 
reacted with a vinyl derivative of — formula (VII) 
while reaction for removing the acyloxy group repre- 
sented by R7 in the formula (VII) is earned out. 
whereby a compound of the formula (VIII) is prepared. 
The reaction between the penicillanic acid derivative of 
the formula (II) and the vinyl derivative of the formula 
(VII) is conducted in the presence of or in the absence 
of a suitable solvent by using the vinyl derivative of the 
formula (VII) in an amount of at least about 1 mole, 
preferably from 1 to about 200 moles, per mole of the 
derivative of the formula (II), whereby there occurs 
simultaneously the acyloxy-removing reaction. The 
solvents which can be used are not particularly limited 
as far as thev do not adversely afTect the reaction. Spe- 
cific examples thereof are benzene, toluene, xylene or 
like aromatic hydrocarbons, teirahydrofuran. dioxane 
or like ethers, etc. The reaction is efTected at a tempera- 
ture raneing from about 50° C to a boiling point of the 
sol vent, "or a temperature of less than 200* C in a sealed 
reactor, and is completed in about 2 to about 72 hours. 
Depending on the kind of the penicillin carboxyl- 
protecting group represented by R4 in the formula 
(VIII), the compound of the formula (VIII) thus 00- 
tained'mav be the product as contemplated, namely the 
ester of the penicillin derivative of the forumla (I). More 
preferably the compound of the formula (VIII) thus 
prepared is subjected to de-esterification as in the step 
(G) so that the compound is converted by the conven- 
tional method into a penicillin derivative of the formula 
(I-c) wherein R3 is hydrogen which, in turn, is trans- 

fnrmr^ *y th r conve ntional.mejhodjntp-a, pharmaceutic 

cally acceptable salt thereof or ester thereot as contem- 
plated. The compound of the formula (VIII) can be 
made into a pharmaceutical^ acceptable salt thereof or 
ester thereof as contemplated by conducting an ester 
interchange or sal; -forming reaction in the conventional 
manner. 

Step (G) 

The compound of the formula (VIII) is subjected to 
de-esterification after or without isolation from the 
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reaction product obtained in the step <F V „ whereby a 
penicillin derivative of the formula (i-c) in which R ; is 
hydrogen is produced. The reaction conditions for de- 
5 esierification are the same as those described in the stcn 
(B). 

After completion of the reaction in each step, the 
contemplated compound producible in each step can be 
isolated from the reaction product or, when required, 

10 can be purified by the conventional method such as 
recrystallization method, thin-layer chromatography, 
column chromatography or the like. 

The penicillin denvaiive of the present invention is 

15 mixed with the ^-lactam type antibiotic substance to 
form a preparation which is orally or parenterals ad- 
ministered. Alternatively, the present compound and a 
suitable antibiotic can be separately administered. Thus 

20 denvatives of the fcrmula (I) can be used for treat- 
ing infectious disea.se of human beings and other ani- 
mals. 

The composition of the present invention may be 
made into tablets, pills, capsules, granules, powders. 

25 syrups, lozenges, solutions, suspensions, etc. for oral 
administration and aqueous, suspending or water-solu- 
ble preparations for intravenous, subcutaneous or intra- 
muscular injections. 

30 C 31 ™" useful in formulati ng the preparations are 
commonly used pharmaceutical^ acceptable iioiwoxic 
carriers such as gelatin, lactose, starch, magnesium stea- 
rate. taJc. vegetable oil, animal oil. poiyalkylene glycol, 
etc. The carrier may be used with other additives such 

35 as diluents, binders buffer agents, preservatives, ^laz*^ 
disintegrators, coating agents, etc. 

The daily dose of the preparation can be appropri- 
ately determined and is not particularly limited. Prefer- 

^ abiy the daily dose is such thai the total amount of th; 
present compound and ^-lactam antibiotic is about 1 to 
about 200 mg/Kg body weight for oral administration 
and about 1 to about 100 mg/Kg body weight for paren- 
teral administration. 

45 The present invention will be described below in 
more detail with reference to examples given below. 

REFERENCE EXAMPLE 1 
50 Preparation of benzhydryl 

2/3-a2idiomcthyl-2a-methylpenam-3a-carboxylate 
A solution of 5.00 g of sodium azide in 53 ml of water 
was added to a solution of benzhydryl 2/3-chlorometh- 
55 yi-2a-methyly>enam-3a-carboxylate (5,13 g) in dimeth- 
yiformamide (155 ml). The mixture was stirred at room 
temperature for 4 hours. The resulting reaction mixture 

was pou red into cooled wate r and the mixture was 

extracted with eihy. accrue, i tie ethyTaceuie layer 
60 was washed with water, dried over magnesium sulfate 
and concentrated to provide 4.87 g of the contemplated 
product as oil in 939c yield. 

intrared absorption spectrum (nujol) vmax (cm- 1 )* 
65 2120, 1812. 1765 

Nuclear magnetic resonance spectrum (CDCI3) 67 
(ppm): 1.30 (3H, s), 3.25 (2H, m), 3.42 (1H, d), 3.63 (1H, 
d), 4.75 (1H, s), 4.76 (!H, m), 7.00 (1H, s), 7.40 (10H. s) 
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REFERENCE EXAMPLE : 
Preparation of benzhydrvl 

^-az.domethyl-Za-mcthylpenamOa-carboxvlate 
l.l-<iioxide 

To a solution of bcnzhydryi 2^-«adomeihvl-2a- 
mc hvlpcnamoa^rboxyiate (7.03 g) in , muture of 
acetic ac.d (240 ml) and water (40 ml) was added potas- 
sium permanganate (6.02 g) over ... period of mcreihan 
1 hour. The mixture was stirred at room temperature for 
-.5 hours. The resulting reaction muture was diluted 
with ice wa.-r The precipitate was collected bv filtra- 
tion, and washed with water. The resulting product was 
dissolved in ethyl acetate and the solution was washed 
with an aqueous solution of sodium hydrogencarbonate 
anu uned over magnesium sulfate. Concentration gave 
5 48 g oi the contemplated product in 72% yield 

2120 fr m2 a ,^ ip,iQn s P ectrum < nu j° J > •""« (cm-'): 

Nuclear magnetic resonance spectrum (CDC10 6 

W?M ] ;}l m - S) ' 150 (2H - d) ' 3 72 (IH ' d >- ^ !H. 
d). 4.60 (1H. m). 4.65 (IH. s). 7.00(IH. $). 7.36 (10H. s) 

REFERENCE EXAMPLE 3 
Preparation of p-nitrobenzyl 
2^-a2idomethy|.2a-methylpenam-3o^carboxylate 
The procedure of Reference Example 1 was repeated 
with the exception of using as the starting material p- 
nurobenzyl I 2^-chloromethyl-2a-methyi P e na m-3a-car^ 
boxylate. affording the above contemplated compound 

2120 rm nX rp,1 ° n spcclrum (KBr) ^ <«"-')•• 

Nuclear magnetic resonance spectrum (CDC1-) 5 
(ppm): ] !.40(?H. s) , 3 12 (IH. dd). 3.50 (2H. s). 3.62 (IH 
J £ ( ' S> - 5 - 29 (2H - S) - 536 < > *»>■ 7 " f2H. d)." 

REFERENCE EXAMPLE 4 

-> o Preparation of p-nitrobenzyl 

22-azidome!hyl-2a-methy!penam-3a-carboxylate- 1 , ] . 
dioxide 

The procedure of Reference Example 2 was followed 
with the exception of using as the starting material p. 
mtrobenzyl 2/J-az,domethyi-2a-methyip e nam-3aK:ar- 
boxylate. giving the above contemplated compound 
2120 1770 abSOrpt, ° n s P ectrum (KBr) vmax (cm->) : 

Nuclear magnetic resonance spectrum (CDCh) 5 
^\ , : 4 L (3 /; S) ' 3 - 45 - 3 60 (2H ' m >- 3 75 OH. d). 3-96 

c"2: V&i&T ml 4 M (1H - s) - 5 - 33 (2H - s) - 756 

EXAMPLE 1 

Preparation of p-nitrobenzy] 
2^-(4-ethoxycarbony]-K2,3.triazoi-l.yl)methy]^ a . 
mcthylpCTam-3a-carboxylate-l,l-dioxide (Compound 

. 1) an d p-nitrobenzvl 

2 P-t>cihoxycarbonyi-i,2^-^ 

methylpenam^a-carboxylate- 1 . J -dioxide (Compound 
2) 

A 2.1 g quantity of p-niircbenzyl 2^azidomethyI-2a- 
m«hylpcnam-3a-c2rboxyIate-I, Wioxide and 0.63 g of 
ethyl propiolaie in 62 mJ of benzene were refluxed with 
surnng under nitrogen atmosphere for 37 hours The 
solvent was removed by distillation and the residue was 
subjected to column chromatography on silica gel to 
produce as a first eluted product 0.7 z of p-nitrobenzvl 
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-5-<5-€thoxycarbonyl-l.2.3-tna2ol-I-yhmethvl-2a- 
methylpenamOa-carboxylate- 1.1 dioxide in amorphous 
form (Compound 2) in 27% yield. 

Infrared absorption spectrum (KBr) vrr.a^ (cm-'v 
5 1795. 1755, 1727 

Nuclear magnetic resonance spectrum (CD'"-» 6 
(Ppm): 1.39 (3H,s). 1.39 (3H, i). 3.48-3.60 (2H. m) • » 
(2H. q). 4.58-;.T0 OH. m). 5.1 i (1H. s), M4 (1H a) 
5.25 (IH.d). 5.31 (lH,d). 5.56 (IH.d). 7.54 (2H d) S 09 
OH, s), 8.25 <2H. d). 

There was obtained as a second eluted product 1.6 g 
of p-nitrobenzyl 2)S-(4-cthoxycarbonyl-1.2,3-tria2ol. 1- 
y!)methyU2a-methylpenam-3a-carboxylate- 1 , 1 -dioxide 
in amorphous form (Compound 1) in 62% yield. 

Infrared absorption spectrum (KBr> t-max (cm* 1 )- 
1800. 1760 (sh). 1733 

Nuclear magnetic resonance spectrum (CDCh; 5 
(ppm): 1.34 (3H, s;. 1.41 (3H. i). 3.50-3.65 (2H, m) 4 42 
(2H. q). 4.60-4.75 (2H. m). 5.09 (2H. s). 5.36 (2H s)' 7 <9 
(2H, d). 8.28 (2H.d). 8.30 (lH.s) 

EXAMPLE 2 
Preparation of p-niirobenzyl 2/3-(4-methoxvcarbo- 
2 s ny^K^Mriazol^-ynmethylOa-mcihvipenam-ja-car- 
■ boxyiate-U -dioxide (Compound 3) and p-nitrobenzyl 
2£-(5-methoxycarbonyl- 1 ,2.3-triazol- 1 -y])methyl-2a- 
methylpenam-3a-carboxylate- i . 1 -dioxide (Compound 
4) 

30 The contemplated product was synthesized in the 
same manner as in Example 1 and eluted by column 
chromatography on silica gel. There was obtained as a 
first eluted product p-nitrobenzyl 2/3-(5-methoxvcarbo- 
nyl-1.2,3-triazol-l-yi)methyi-2a-methylpenam-3a-car- 

35 boxyiate-i.i -dioxide in amorphous form (Compound 4) 
in 26% yield. 

Infrared absorption spectrum (KBr) vmax (cm- 1 )- 
1795, 1727 

Nuclear magnetic resonance spectrum (CDCh) 6 
40 (ppm): 1.39 (3H. s). 3.45-3.60 (2H. m). 3.9-4 (3H s) 
4.58-4.70 (!H, m). 5.09 (1H. s). 5.10-5.64 (4H. m) 7 54 
(2H. d). 8.10 (1H, s), 8.25 (2H. d). 

There was obtained as a second eluted product p- 
nitrobenzyl 2£-(4.merhoxycarbonyl- 1 .2.3-tnazol- 1 - 
45 yi)methyl-2a-methylpenam-3a-carboxyiaie-l.l-dioxide 
in amorphous form (Compound 3) in 61% yield. 

Infrared absorption spectrum (KBr) umax (cm-'V 
1798. 1730 

Nuclear magnetic resonance spectrum (CDCb) 6 
50 (ppm): 1.33 (3H. s). 3.48-3.68 (2H. m). 3.96 (3H s) 
4.56-4.76 (2H, m) 5.09 (2H. s), 5.36 (2H. s). 7.60 (2H d) 
?.2* OH. d 1 * ? ?0 a * 



EXAMPLb 3 



55 



Preparation of benzhydryi 
2^-(4-methoxycarbonyi-l ( 2.3-triazol-l-yl)methyi-2a- 
methylpenam-3a-carboxyiate-i.l -dioxide (Compound 
-£)-ami-benzky4Fyi 



M -/3.(5-methoxycarboiiyl-1.2,3-triazo]-l-yl)methyl-2a- 
methy lpenam-3a-carboxy late- 1 , 1 -dioxide (Compound 
6) 

The contemplated product was synthesized in the 
same manner as in Example 1 and eluted by column 
65 chromatography on silica gel. First there was eluted 
benzhydryi 2/?-(5-methoxycarbonyl- 1 .2.3-triazol- 1 - 

yl)methyI-2a-methylpe*iam-3a-carboxylate-l,l-dioxidc 
(Compound 6) in 18% yield. 
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infrared absorption spectrum (KBr) ;.m.-.A (cm • 'i 
I SIX). 1727 

Nuclear magnetic resonance spectrum (CDCh) 6 
(ppm): 1.^0 (JH. s). .V 44-5. 5$ (2H . m ,. 3.01 n H s) 
4.50-t.65 (IH. m) . 5.24 (IH. di. 5.25 ,1H. s). 5.45 ( IH 
d). 6.0 1 (IH. si. 7.20-7.40 (10H. m). 8.08 (IH. s, 

Secondly there w*. eluied benzhvdrvl 2/3-(4-methox- 

yMrbony|.I.2.3. t ria2oM.yl)methy|.2a.n.eihvlpenam- 
^a-carboxylate-t.l-dioxiae (compound 5) in 60% vield 
Infrared absorption spectrum (KBr) umax 'cm-'): 

I 803, 1/27 

Nuclear magnetic resonance spectrum (CDCh) 6 
(ppm). i.u5 {JH. S j. j.4b-,.o: U H. m). 3.95 (3H s) 
4 55-1.75 (2H. m). 5. 1 I (2H. bs). 7.02 ( IH, s), 7.20-7 50 
(10H. m). £.25 t !H, s). 

EXAM FLE 4 
Preparation of sodium 
2/?-<4-ethox ycarbonyM .2.3-iriazol- 1 -vl)melhvl-^a- 
methylpenam^a-carbox ylate- 1 . 1 -dioxide (Compound 

7) 

Hydrogenaiion was conducted at a low pressure and 
at room temperature by using 15 ml of eihvl acetate. 15 
mi of water. 340 mg of p-nitrobenzvl 2/3-(4-pthoxycar- 
bonyl-1.2.3-tria2oI-l-yl)methy]-2a.methylpenam.3a- 
carboxylate-lj -dioxide. 60 mg of 10% palladium char- 
coal and 110 mg of sodium hydrogencarbonate. After 
completion of absorption of hydroeen. the reaction 
mixture was filtered to separate the aqueous layer 
which was washed with benzene. The aqueous solution 
was concentrated at reduced pressure and the concen- 
trate was subjected to column chromatography using an 
MCI gel. CHP-20 P (product of Mitsubishi Ka~i Co 
L-td.. Japan) to conduct gradient eluticn with a water- 
log acetone water mixture. The eJuate thus obtained 
was freeze-dned to afford 200 mg of the contemplated 
product (Compound 7) as white powder in 76% yield 
The white powder decomposed at a temperature of 
more than ISO" C. 

Infrared absorption specirum (KBr) vmax (cm-M- 
17S2. 1720 '* 

Nuclear magnetic resonance spectrum (D^O) 8 
(ppm): 1.39 (3H.t). 1.46 (JK. s). 3.45 (IH. do) }^(]R 
dd). 4.44 (2H. q). 4.50 (IH. si 4.96-5.10 (IH m) < '8 
(IH. d). 5.42 (iH. d). 8.72 (IH. s) 

EXAMPLE 5 
Preparation of 

2^-(4-ethoxyc^rbcnyl-1.2.3-tria2ol-I-yl)methvI-2a- 
methylpenam-3a-carboxyiic acid- 1. 1 -dioxide 
(Compound 8) 

Hydrogenaiion was conducted a: room iem~~- 

a ' a Pressure of 3 atm. by using 4.2 g of ^nhVJten- 
zyl 2^(4-ethoxycarbonyl-1.2.3-triazoM-yl)methvl-2a- 
methylpcnam-3a-carboxylate- 1.1 -dioxide. 1.4 g of so- 
dium jiydrog encaxbonate, 800 mg of 10% palladium 
c . „" r c c afTTOO mi oi tiny] aceiafs"" i*Tcf~7 00" m?~~cf '\*"j i *t - 
After completion of absorption of hydrogen, the reac- 
tion mixture was filtered and the aqueous layer was 
separated and washed with benzene. The pH of the 
aqueous layer was adjusted to ! to 2 with hydrochloric 
acid. The aqueous layer was extracted with ethyl ace- 
tate and the extract was dried over magnesium sulfate. 
The solvent was distilled on and 3.0 g oi the contem- 
plated compound was produced in amorphous form in 
97% yield. 



10 



4.5O2.073 
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Infrared absorption spectrum (KBrl i-max (cm '): 

I 798, 1 726 

Nuclear magnetic resonance spectrum (DMSO-drj 5 
^ppm): 1.31 (3H,t). 1.42 (JH, s). 3.31 UH.dd) 3 73 ( 1 H 
5 dd). 4.32 (2H, q), 4.75-5.38 (JH. m). 8.7t><!H. si 

EXAMPLE t> 
Preparation of chlorometnyl 

2/3-(4-ethoxycarbonyl-1.2.3-ina2oI-l-vV)methvl.2a- 
methylpenamoa-carboxyiate- 1 . i -dioxide (Compound 

A 2.2 g quantity of sodium hydrogencarhonate and 
0.2 g of tetrabutylammonium hydrogensulfate were 

, 5 added with stirring at a temperature of less than 10* C 
to 2.4 g of 2/?.(4^thoxycarbonyl-1.2.3-triazoi-l- 
y:)me!hy!.2a.melhy!penam-3a-carbo.xvi!c acid- 1 !- 
dioxide, 13.5 ml of dichloromethane and 13.5 ml of 
water. To the mixture was droDwise added at the same 

20 temperature 1.25 g of chloromethvl chlorosulfonatr and 
the resulting mixture was stirred at room temperature 
for *n ifs;«.;;cs. The or^nic laver w^v a rated 
washed once with water and dned over magnesium 
suhate. The solvent was removed bv distillation and the 

25 residue was purified by column chromatography on 
silica gel, giving 2.2 g of the contemplated compound in 
amorphous form in 81% yield. 

Infrared absorption spectrum (KBrj wnax (cm-r 
1798, 1723 

30 Nuclear magnetic resonance spectrum (CDCJ-) o 
(ppm): 1.42 (3H. t). 1.48 (3H. si. 3.52-3.0? uh. m;, 4.J0 
(2H. q), 4.60-i.78 (2H, m), 5.10 (2H. s). 5.73 (IH d) 
5.90 (1H, d), 8.31 (lH.s) 

35 EXAMPLE r 

Preparation of iodomethyl 

2 J G-(4-ethoxycarbonyM,2.3-triazcI-l-yl)methvl-2a. 
methylpenamOa-carboxylaie- 1.1 -dioxide (Compound 
10) 

40 

A 1.73 g quantity of chloromethvl 2/3-{i-ethoxycar- 
bonyl-1.2.3-tna2ol-l-yl)methyl-2a-methvlpenam-3a. 
carboxylic acid- 1.1 -dioxide and 1.3 g of sodium iodide 
were stirred in 3.4 mi of acetone at room temoerature 

45 for 18 hours. To the reaction mixture was added 2 9 ml 
of water and the P H of the resulting mixture was ad- 
justed to 7 to 8 with an aqueous solution of sodium 
hydrogencarhonate. After addition of 2.9 ml of water, 
the mixture was decolorized wuh an aqueous solution 

5Q of 0.5M sodium thiosuJfate, extracted with dichloro- 
methane, washed with water and dried over magnesium 
sulfate. The solvent was removed by distillation and 1.9 
g of the contemplated compound was preDared in amor- 
phous form in 90% yeild. 

55 Infrared absorption spectrum (KBr) vmax (cm-';: 
1798, 1725 

Nuclear magnetic resonance spectrum ^CDCM 5 
(ppm): 1.43 (3H, t), 1.49 (3H. s\ 3.52-3.68 (2H m) 4 43 
— (2ILq).. 4.59=4 J8..CH 1 jn)._jJ,Q9_CH f s). 5.96 (1H d) 
6.07 (1H, d), 8.32 (1H, s) " 

EXAMPLE S 
Preparation of sodium 

2/?-(5-ethoxycarbonyl-l,2,3-triazol-l-vl)methyl-2a- 
65 methylpenam-3a-carboxylate- 1 . ] -dioxide f Compound 

11) 

A 220 mg of the contemplated compound was pre- 
pared in the form of white powder in the same manner 
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as in Exampie 4 from 0.34 g of p-mtrobcnzvl 2^-(5- 

cthoxycarbonyl-1.2.3-inazol-l-yl)rncthyl.2a-methylpc- 
nam-3a-carboxylate- 1.1 -dioxide in 83% yield. 

The white powder thus obtained decomposed at a 
temperature of over 180* C 

Infrared absorption spectrum (KBr) umax (cm" 1 )- 
1788. 1736 

Nuclear magnetic resonance spectrum (DO) 5 
(ppm): 1.39 (3H. t). 1.43(3H.sV 3.40(lH.dd). 3.7*1 (1H 
dd), 4.46 (2H. q), 4.57 (1R s). 4.96-5.05 (1H, m), 5 40 
(1H. d). 5.82 (1H, d). 8.34 (1H. s) 

EXAMPLF 0 
Preparation of sodium 
2/J-(4-mcihoxycarbonyl-l,2.3-triazol-l-yl)inethyl-2a- 
methylpenam- 3a-carboxylate- 1 , 1-dioxide (Compound 
12) 

A 0.18 g quantity of the contemplated product was 
prepared as white powder in the same manner as in 
Example 4 from 0.3 g of p-mtrobenzyl 2/?-(4-methox- 
ycarbonyl- 1 ,2,3-triazoI- l-y])methyl-2a'-methylpenam- 
3a-carboxylate-U -dioxide in 78% yield. 

The while powder thus obtained decomposed at a 
temperature of over 184* C 

Infrared absorption spectrum (KBr) vmax (cm- 1 )- 
1782, 1730 

Nuclear magnetic resonance spectrum (DO) 6 
(ppm): 1.46 (3H. s). 3.45 (1H. dd). 3.73 (1H. dd). 3.97 
(3H. s). 4.50 (1H. s). 4.81 (2H. s). 4.98-5.10 (1H, m), 5.18 
(1H. d), 5.42 (1H. d). 8.72 (1H. s) 

EXAMPLE 10 

Preparation of sodium 
2/?-(5-methoxycarbony]-1.2,3-tnazoI-l-yl)methyl-2a- 
methylpenamoa-carbox ylate- 1 . 1 -dioxide (Compound 
13) 

A 0.19 g quantity of the contemplated compound was 
prepared as white powder in the same manner as in 
Example 4 from 0.3 g of p-nitrobenzyl 2/3*(5-methox- 
ycarbonyl-1.2,3-triazol-I-yl)methyi-2a-methylpenam- 
3a-carboxylate-U -dioxide in 82% yield. 

The white powder thus obtained decomposed at a 
temperature of over 180* C. 

Infrared absorption specirurn (KBr) vmax (cm-')- 
1778. 1730 

Nuclear magnetic resonance spectrum (D2O) 5 
(ppm): 1.41 (3H. s), 3.41 (1H. dd), 3.71 (1R dd), 3.98 
(3H, s). 4.56 (1H. s), 4.95-5.08 (1H. m), 5.40 (1H. d), 5 83 
(1H. d). 8.34 (IH, s) 

EXAMPLE 11 

rropaf oLiuii of p-uiuul>cr*iyl 
2a-methyi-2/34^(p-nitrobenzyioxycarrK)nyi>- 1,2,3- 
triazol- 1 -y ]]methyIpenarn-3a-carboxy late- 1 , 1 -dioxide 

(Compound 14) and p-nitrobenzyl 
2a-methyi-2/3-[5-{p-nitrobenzyIoxycarbonyl)- 1 ,2,3- 
triazol- 1 -yI]methylpenam-3a-carboxyJate- 1 , 1 -dioxide 



A 4 g quantity of p-nitrobenzyl 2£-adidomethyl-2a- 
methylpenamoa-caxboxy late- 1,1 -dioxide and 8.2 g of 
p-nitrobenzyl acetylene carboxylate in 100 ml of ben- 
zene were rcfluxcd under nitrogen atmosphere for 12 
hours. The solvent was distilled off at reduced pressure. 
The residue was subjected to column chromatography 
on silica gel to provide 3.6 g of p-nitrobenzyl 2a-meth- 
yl-2/3-[4-<p-nitrobenzyloxycarbonyi)- 1 ,2.3-triazol - 1 - 
yi]methylpenam-3a-carboxylate- 1 , 1 -dioxide (Com- 



4,562,073 
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pound 14) and O.v g of p-nitrobenzyl 2a-meth vl-2£-[5- 
(p-nitrobenz yiox ycarbonyl )- ] .2..- -inazol- ; - y 1 Jnisr- 
thylpenam-3a-carboxylaie-l.i -dioxide (Compound 15) 
both in amorphous form. 
5 Compound 14 

Infrared absorption spccirun. (KBr) vmax (cm-'V 
1800. 1740 

Nuclear magnetic resonance spectrum (CDCh) 6 
(ppm): 1.34 (3H, s), 3.3-3. a .'2H. mi \ $1 ^ 
10 4.60-4.76 (lH.m) 5.12 f2H.s). 5.37 (2H. si. 5.48 (2H s) 
7.5-7.7 (4H, m), 8.1-8.3 (4H. m). 8.37 (1H. s). 
Compound 15 

Infrared absorption spectrum (KBr) vmax (cm - <)■ 
1800, 1740 

15 Nuclear magnetic resonance spectrum (CDC13) 6 
(ppm): 1.41 (3H. s). 3.3-3.7 (2H. m). 4.6-4.7 (]H m) 
5.07 (1H. s). 5.1-5.6 <4H. m), 5.46 (2H. s). 7.4-7 7 (4H 
m). 8.15 (1H, s), 8.1-8.4 (4H. m) 

20 EXAMPLE 12 

Preparation of d 'potassium 
2^(4-cyboxy-!,2.3-triazoI • 1-yi >methyl-2a-methyipe- 
nam-3a-carboxylate-l.l-dio.xide (Compound 1*6 1 

;5 Hydrogenation was conducted in 100 ml of cthvl 
acetate and 100 ml of water a; room temperature for i 
hour by using 3.6 g of p-nitrobenzy! 2a-methyl-2 ( S-{4- 
(p-nitrobenzyloxycarbony I)- i ,2.3-triazoI- 1 -y I)] me - 
ihylpenanv3a<arboxylate- 1.1 -dioxide. 2.6 g sodium 

30 hydrogencarbonate and 0.68 g of \09c palladium char- 
coal, catalyst. Thereafter the aqueous layer wa* ^pa- 
rated and was washed once with ethyl acetate, and the 
pH thereof was adjusted to 1.5 to 1.7 with 6N hydro- 
chloric acid. The aqueous solution was saturated with 

55 sodium chloride and extracted a few times with ethyl 
acetate. The ethyl acetate solutions thus formed were 
collected and dried over magnesium sulfate. The sol- 
vent was distilled off at reduced pressure to provide as 
the residue a foamed product of 2£-(4-carboxy- 1.2,3 - 

40 tria2ol-l-yl)methyl-2a-methylpenam-3a-carboxylic 
acid- 1,1 -dioxide. 

A 2 g quantity of the 2£-(-^carboxy- 1.2.3-triazol- 1- 
yl)methyl-2a-methylpenam-3a-carboxylic acid- 1.1- 
dioxide was dissolved in 20 mi of buianoL To the soiu- 

45 tion was added a solution of potassium 2-ethyl he.xano- 
atc in butanol. and the mixture was stirred awhile at 
room temperature. The precipitate was filtered to give 
2.0 g of white solids having a meiting point of over 1 78' 
C. (decomposition). 

50 Infrared absorption spectrum (KBr) i/max (cm-'V 
1780, 1610 

Nuclear magnetic resonance spectrum (DO) 5 
(pp-): (3H. ? A9 (?H, dd\ ? "n mw ^ a 
(IK, s), 5.0-5.1 (1H, m). 5.16 (:H. d). 5.41 nfj d) 8 47 
55 <IH,s) * 

EXAMPLE 13 

Preparation of dipotassium 
2/J-{5-carhc,Ay- 1 .2.3-:riazcM -v:)rr.e:r//!-2a-:r.s!hy];>?- 
w nam-3a-carborylate- 1.1 -dioxide (Compound \1) 

White solid of the contemplated compound with a 
melting point of over 175* C. (decomposition) was pre- 
pared in the same manner as in Example 12 by using 
p-i;itrobenzyl 2a-methyl-2/?-[5-(p-nitrobenzyloxycar- 
65 bonyl)-U2,3-triazol-l-yl]methylpenam-3a-carboxylate- 
1,1 -dioxide. 

Infrared absorption spectrum (KBr) vmax (cm-'V 
1780, 1610 
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Nuclear magnetic resonance spectrum (D:0) 5 
ippm): 1.40 (3H. si. 3.4; uH. dd). 5.*? I (1H. dd). 4.58 
(!H. s). 4.0-5.1 (1H. mi. 5.36 (1H. d). 5.93 (1H, d). 8.04 
OH. s) 

EXAMPLE 14 

Preparation of benzhydryl 
2/^(4-carboxy-1.2.3-triazol-l -yl)methyl-2a-methylpe- 
nam-3a-carboxylaie- 1.1 -dioxide (Compound 13) 

A 0.5 g quantity of benzhydry! 2£-azidomethyl-2a- 
methylpenam-3a-carboxyIate-l,l-dioxide and 0.083 g of 
acetylenecarboxylic acid were stinea in 2 ml oi'dichlo- 
romeihane ai room temperature under nitrogen atmo- 
sphere for 24 hours. The solvent was removed by distil- 
lation at reduced pressure and to the residue oil was 
added benzene. The insolubles were filtered ofT and to 
the residue was added hexane to deposit crystals which 
were collected by filtration. Thus there was produced 
0.23 g of white crystals which melt at 120" to 121* C. 

Infrared absorption spectrum (KBr) t/rnax (cm- 1 ): 
1805. 1745 

Nuclear magnetic resonance spectrum (CDCh) & 
(ppm): 1.07 (3H. s), 3.2-3.8 (2H. m). 4.5-4.7 (1H. m), 
4.69 (1H. sj. 5.12 (2H. bs). 7.02 (1H. s), 7.1-7.6 (10H. m), 
8.33 (1H. s) 

EXAMPLE 15 

Preparation of disodium 
2/3-(4-carboxly-L2.3-triazol-l-yI)methvi-2a-methyipe- 
nam-3a-carboxylate-l,l -dioxide (Compound 19) 

Hydrogenation was conducted in 1C ml of ethyl ace- 
tate 2nd !0 ml of water at room temperature for 30 
minutes by using 49 mg of benzhydryl 2^-(4-carboxly- 
1.2»3-tnazol-l-yl)methyl-2a-methylpenam-3a-carboxy- 
late- 1.1 -dioxide, 15 ml of 10% palladium charcoal and 
24 mg of sodium hydrogencarbonate. The aqueous 
iayer was separated from the reaction mixture and 
washed with ethyl acetate, and was purified with an 
MCI geJ. CHP-20P (product of Mitsubishi Kasei Co.. 
Ltd.. Japan). After freez:: -drying, there was obtained a 
white amorphous product having a melting point of 
220" to 250* C. (decomposition). 

The values of the infrared absorption spectrum and 
nuclear magnetic resonance spectrum of the compound 
thus obtained were similar to those of Compound 16 
prepared in Example 12. 

EXAMPLE 16 

Preparation of benzhydryl 
2a-methyl-2/i-(4-trimethyisilyl-L2,3-triazol-l-yl)rne- 
thylpenam-3a-carboxylate-Ll -dioxide (Compound 20) 

A !50 mg quantity of benzhydryl 22-azidomethyl- 
2a-methyipenam-3a-carboxylate- 1,1 -dioxide was re- 
acTeri in a scaled reactor with 300 mg of trirnethylsily- 
lacetylene at 90* to 95* C. for 20 hours. The reaction 
mixture was concentrated at reduced pressure, giving 
170 mg of white crystals which melt at 172* to 175* C. 

Infrared absorption spectrum (KBr) i/max (cm- 1 ): 
1805, 1755 

Nuclear magnetic resonance spectrum (CDCI3) 5 
(ppm): 0.32 (9H. s), 1.05 (3H, s), 3.3-3.7 (2H. m), 4.5-1.7 
(1H, m), 4.65 (1H, s), 5.08 (2H. AB-q), 7.00 (1H. s), 
7.3-7.5 (10H, m). 7.67 (1H, s) 



562.073 
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EXAMPLE i7 

Preparation of benzhydryl 
2c-methyl-2/Ml.2.3-triazol-l -ynmethylr>enam-3a-car- 
boxylate-l.l-dioxide (Compound 21) 

A 133 mg quantity of benzhydryl 2a-methyl-2£-(4- 
trimethylsilyl- 1,2.3-triazol- 1 -yl)methylpenam-3a-car- 
boxyiate-1. 1 -dioxide. 3.26 g of 18-crown- 

10 6< 1,4.7.10, 13,1 6-hexaoxacyclooctadecane) and 15.S mg 
of potassium fluoride were stirred in 0.7 ml c.f N.N- 
dimethylformamide a» 50* to 60* C. for 5.5 hours. The 
reaction mixture was poured into excess iced water and 

15 the mixture was extracted a few times with ethyl ace- 
tate. The ethyl acetate extracts were collected and dried 
over magnesium sulfate. The solvent was distilled off at 
reduced pressure and the residue was purified by col- 
umn chromatoeraDhv on silica cel. wherebv a white 
product was given which has a melting point of 206" to 
208* C uiror-n.position). 

Infrared absorption spectrum (KBr) vmax (cm -1 ): 
1800, 1760 

25 Nuclear magnetic resonance spectrum (CDClj) 5 
(ppm): 1.05 (3H, s), 3.3-3.7 (2H, m), 4.5-4,7 (1H, m), 
4.65 (1H. s). 5.I0QH. AB-q). 7.00 (!H. sj. 7.3-7.5 (10H. 
m). 7.73 (1H, s) 

30 EXAMPLE IS 

Preparation of benzhydryl 
2a-methyl-2/3-( 1.2.3-triazol- 1 -yl)methylpen3m-3c-car- 
boxylate-l.l-dioxide (Compound 21) 

" A 500 mg quaniiiy of benzhydryl 2/2-azidcr7ic;hy!- 
2a-methylpenam-3a-carboxylate- 1.1 -dioxide, 335 mg of 
trimethylsilylacetylene and 2 mi of methylene chloride 
were reacted in a sealed' reactor at 95* C. for 20 hours. 

40 The reaction mixture was concentrated at reduced pres- 
sure and the residue was purified by column chroma* 
tography on silica gel to provide white solids having a 
melting point of 203* to 204* C. (decomposition). 
Fast atofhic bombardment mass spectrum method: 

45 m/e = 467(M-) 

The values of the infrared absorption spectrum and 
nuclear magnetic resonance spectrum of te compound 
thus obtained were identical with those of Compound 

50 21 obtained in Example 17. 

1 EXAMPLE 19 

Preparation of benzhydryi 
2a-met hy 1-2/3-0. 2,3 -triazo*-! yl)methylper.am-3a-cai - 
^ boxylate- 1,1 -dioxide (Compound 2!) 

A 200 mg quantity of benzhydryl 2/3-azidomethyi- 
2a-rriethylpenam-3a-carboxylate- 1,1 -dioxide was re- 
acted with 10 ml of vinyl acetate iii a scaled reactor it 

60 100* to 1 10* C. for 30 hours. The reaction mixture was 
concentrated at reduced pressure. The residue was 
crysiaiiized with cooled chloroform. 

The white crystals thus obtained were found to have 

65 a melting point (decomposition) and the values of the 
nuclear magnetic resonance spectrum which were all 
identical with the values of Compound 21 obtained in 
Example 17. 
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EXAMPLE 20 
Preparation of sodium 
- fc .-.;icthyl-2/?-(l ,2J-triazol-I-yi)rnethylpenam-3a-car- 
boxylate- 1.1 -dioxide (Compound 22) 

Hydrogenation was conducted in 10 ml of eihyl ace- 
tate and 10 ml of water at room temperature for 30 
minutes by using 45 mg of benzhydryl 2a-methyl-2^- 
(L2.3-tria2oI-l-yl)methylpenam-3a-carboxylate-l.'l- 
dioxide, 15 mg of 10% palladium charcoal and 16 mg of 
sodium hydrogencarbonate. The aqueous layer was 
separated f;orr. the reaction mixture E>id washed once 
with ethyl acetate. The aqueous solution was then puri- 
fied with an MCI gel. CHP-20P (product of Mitsubishi 
Kasei Co., Ltd.. Japan). After freeze-drying, there was 
obtained an amorphous product with a melting poini of 
over 170* C. (decomposition). 

Infrared absorption spectrum (KBr) i/max (cm-'V 
1780. 1630 

Nuclear magnetic resonance spectrum (DO) 6 
(ppm): 1.41 (3H. s). 3.45 (1H. dd), 3.72 (1H. dd). 4 48 
(1H. s). 4.96-5.10HH. m). 5.25 (2H, AB-q). 7.85 (1H d) 
8.13 (lH.d) 

EXAMPLE 21 

Preparation of p-nitrobenzyl 
2a-methyl-2^-(I,2.3-triazol-l-yl)methylpenam-3a-car- 
boxylate-l.]-dioxide (Compound 23) 

A 1.02 g quantity of p-nitrobenzyl 20-azidomeihyl- 
2a-methylpenam-3a-carboxylate-l. 1 -dioxide was re- 
acted with 50 ml of vinyl acetate in a sealed reactor at 
100" to 1 10* C for 30 hours. The reaction mixture was 
concentrated at reduced pressure and tne residue was 
purified by column chromatography on silica gel, giv- 
ing 0.73 g of the contemplated compound in amorphous 
form in 67% yield which melts at 182* to 184" C. 

Infrared absorption spectrum (KBr) wmax (cm- 1 )- 
1800, 1760 

Nuclear magnetic resonance spectrum fCDCh) 5 
(ppm): 1.26 (3H. s). 3.5-3.6 (2. Hm). 4.66 (1R s). 4 6-4 7 
(lH.m)5.07(2H, s), 5.36 (2H. s). 7.61 (2H. d) 7 ""4(1H 
d). 7.80 (1H. d), 8.28 (2H, d) 

EXAMPLE 22 
Preparation of sodium 
2a-mcthyl-2/3-(4-trimethylsilyl-K2 > 3-triazol-l-yi)me- 
thylpenam-3a-carboxylate- 1.1 -dioxide (Compound 24) 

Hydrogenation was performed in 15 ml of ethyl ace- 
tate and 15 ml of water at room temperature for 30 
minutes by using 200 mg of benzhydryl 2a-methv]-2£- 
(4-rnmethylsily 1- 1 .2.3-triazol- 1 -yDmethylpenam- 3a- 
carboAylate- 1 , 1 -dioxide. 50 mg of 10% palladium char- 
coal and 98 mg of sodium hydrogencarbonate. The 
aqueous layer was removed from the reaction mixture 
and washed once with ethyl acetate. The aqueous solu- 
tion was purified with an MCI gel. CHP-20P (product 
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of Mitsubishi Ivaset Co.. Ltd . Japan) After freeze-dr>- 
ing. there was obtained an amorphous product having a 
melting point of over 170* C. (decomDOsi'.ion). 

Infrared absorption spectrum (KBrj vmsx (cm- l j: 
5 1780. 1630 

Nuclear magnetic resonance srwrun/ (D2O) 6 
(ppm): 0.32 (9H, s), 1.38 f3R s). 3.1-3 7 (2H. m). 4.46 
(1H, s), 4.9-5.0 (1H. m), 5.23 (2H, AB-q), 8.16 (1H. s) 

The compounds obtained in >ome n( the examples 
10 were checked for /J-lactamase inhibitory activity and 
antibacterial activity. 

(1) Test for /3-lactamase inhibitory activity 

The inhibitory activity against penicillinase (^-lacta- 
mase) from Bacillus SP was measured by microiodome- 
15 try Tanpakushusu K;-kusan Koso (Protein Nucleic 
Acid Enzyme), vol. 23. No. 5, pp 391-400 ( 1978) using 
a penicillin G zs a substrate. Table 1 given below shows 
the results. 



20 



TABLE 



Comn^ttnd 50<7r inhibitory Concentration 







10 J 


* M 


Compound 1 1 


3 -t « 


10- 


" M 


Compound 12 


4Q 


10- 


* M 


Compound 13 


3 0 • 


10- 


7 M 


Compound 


o.O 


10- 


' M 


Compound 1? 


1 "> X 


10" 


6 M 


Compound 22 


fe.« * 


10- 


• M 


Compound 2-1 


5 ; v 


10- 


" M 



30 (2) Test for antibacterial activity 

(1) Effects by ampicillin as combined with the 
present compound 
The compound: of the present invention and ampicil- 
lin. each singly used, were checked for minimal inhibi- 

. . »£ r y concentration (MIC) against the bacteria listed in 
Table 2 given below by micro-broth dilution method 
("American Journal Clinical Pathology" published in 
1980, vol. 73, No. 3, pp 374 to 379). The MIC of ampi- 
cillin as combined with the present compound (10 

40 fig/ml) was measured against the same bacteria. In the 
method, the bacteria cultivated in Mueller Hinton 
Broth (product of DIFCO) and diluted to 10 7 CFU/mi 
were inoculated into the same medium containing ampi- 
cillin and the present compound in a specific concentra- 

45 tion. and incubated at 37* C. for 20 hours. Thereafter 
the growth of the microorganisms was observed to 
determine the minimal inhibitory concentration (MIC) 
for rendering the inoculated medium free from turbid- 
ity. The present compounds, singly used, turned out to 

50 be all more than 25 u.g/ml in MIC. The bacteria %s used 
in the test were those capable of producing jS-lactamase, 
among which the bacteria marked * in the table are 

*\ — t 1 _ » _ .J C — . — ♦ U ~ 't^j-^Ast rtf Ktt*"«"iar» KncTc onrl 

IIIW^C VyUllL^lCU 14 V/Ui ** » **« *5 WWfc-^ .- ~ 

the others are a stock culture. 
55 In Table 2, the present compounds are shown by the 
compound number. 

TABLE 2 

M)C fug/ ml) 



Test 
Bacteria 


Ampicillin 
(singly used) 




Present Compound (combined with ampicillin) 


7 


11 


12 


13 


16 


17 


22 24 


5. aureus 


25 


0.1 


0.2 


0.2 


0.: 


0.2 


0.78 


0.2 0.78 


S-54 


















S aurrus 


25 


0.1 


0.2 


0.2 


0.2 


0.2 


0.78 


0. 1 0.3? 


aTCC 90124 


















£ coii 


400 


t>.2 


5 25 


3.13 


t>.25 


6.25 


0.05 


3.13 100 


TH-13* 


















£1 coii 


400 


6.25 12.5 


3 i3 


6.25 


3.13 


6.25 


6.25 50 


TH-397* 
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TABLE 2 -continued 

MIC Iji^ml) 



Ampicillin Present Compound tcombined wuh amp»ci',lini 



Bacieru 


(singly used) 


7 11 12 13 


16 


17 


■» ■» 


24 


P. mirvbilu 
121 


40C 


1.5b 0 78 0.78 0.78 


0.78 


0.39 


0.78 


25 


P. vvijian* 


100 


0 7g 0 78 0.3C 0.39 


1.56 


i.5o 


C.?S 


:.56 


IIP OX-l« 










S. nnrcesctns 


400 


12.5 25 12.5 25 


6.25 


1.56 


3 13 


100 


TH-OV 












(2) Effects by antibiotics as combined 


with 


the 







present compound 
The compounds of the present invention, ampicillin, 
mecillinam, piperacillin and cephalexin, each singly 
used, were also tested for minimal inhibitory concentra- 
tion against 30 strains of coliform bacilli collected from 
the living body of humans. The MIC of each antibiotic 
as combined with the present compound (10 jig/ml) 
was likewise measured. Table 3 to 6 indicate the results 
in which MIC.soand iMIC-jq indicate the minimal inhibi- 
tory concentration for inhibiting the growth of 50% 
and 70% respectively of the strains. The MICs of the 
present compounds singly used were all more than 25 
Mg/ml. 



TABLE 3 



30 Strains of 


Ampicillin 


Preseni compound as combined with ampicillin 


conform bacilli 


singly used 


Comp. 7 Comp. 11 Comp. 16 Comp. 17 Comp. 22 


MlCy)(ug/ml) 
MlC70(Mfc/m!) 


400 
400 


6.25 50 fc.25 25 3.13 
50 100 6.25 100 6.25 


TABLE 4 


30 Strains of 


Mecitiinam 


Present cumoounj combined with — iccillirtirn 


conform bacilli 


singly used 


Comp. 7 Comp. 11 Comp. i6 Comp. 17 Comp. 22 


MJCKHMg/mJ) 
MIC70(Hg/ml) 


3.13 
12.5 


0.2 . 0.2 0.1 0.05 0.1 
0.39 0.39 0.1 0.39 0.2 


TABLE 5 


30 Strains of 


Piperacillin 


Present compound as combined wuh piperacillin 


conform bocill, 


singly usee* 


Comp. 7 Comp. 11 Comp. 16 Comp. 17 Comp. 22 


MIOn (uc/mh 


50 
200 


i 56 b.25 1.56 6.25 1.56 
6.25 25 3.13 50 1.56 


TABLE 6 


30 Strains of 


Cephalexin 


Present compound as combined with cephalexin 


conform bacilli 


singly used 


Comp. 7 Comp. 11 Comp. 16 Comp. 17 Comp. 22 


MlCso(Mg/ml) 
MIC70 (ug/ml) 


•25 
100 


1 2.5 12.5 6.25 3.13 12.5 
100 100 25 12.5 50 



Giver, below are examples of preparation of the pres- 
ent antibacterial compositions. 







Ampicillin 


200 mg 


Compound 22 


200 mg 


Lactose 


100 mg 


Crystalline cellulose 


57 mg 


Ma caesium stearate 


3 me 


Total 


560 mg 




(amount per capsule) 



The above ingredients are formulated in the propor- 
tions listed above into a capsule. 
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Prr;^rat,on Example : 

15 — 



Amoxycillin 
Compound 16 
L-actose 

Corn starch ^ n 

Hydroxypropyl methyl cellulose ~| 0 me 



!00mg 
70 mg 



Total 



2C lOOOrr^g 

— ' umouni per dose) 



The above ingredients are formulated in the propor- 
tions listed above into granules. 

25 
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Preparation Example 3 



Pivmecillmam 7Q 
Compound 17 70 m J 



1.1 m« 

60 CrystaJline cellulose 15 " 

Magnesium stearaie i 
Talc I ^ 

Com starch j 5 ™jj 

Hydroxypropyl methyl cellulose iq mg 

Total 

220 mg 

65 (amount per tablet) 



The above ingredients are formulated in the proper- 
tions listed above into a tablet. 



Ttcparait.-n Exarrpfr 4 



Cnmpouno 12 


120 mg 


Hydroiypropyi cei)ul»>vr 


3 mg 


Corn March 


25 mg 


Maanruum sicaraii- 


2 me 




150 mg 




(»mour.! per t*blet> 



The above ingredients are formulated in the propor- 
tions listed above into a Lablet. 
We claim: 

1. A penicillin derivative represented by the follow- 
ing formula 

o o 

H 

wherein R| is hydrogen or trialkylsily; R: is hydrogen, 
trialkylsilyl or COOR:' wherein R?' is hydrogen. C|.m 
alkyl, C2.7 alkoxymethyl. C3.8 alkylcarbonyloxymethyl, 
C*.q alkylcarbonyloxyethyl. (C>7 cycloalkyl)car- 
bonyloxymethyl, Cq-u benzylcarbonyloxyalkyl, Cy.$ 
alkoxycarbonylmethyl. Cj_q alkoxycarbonylethyl, 
phthalidyl, crotonolacton-l-yl, -y-butyrolacton-4-yl. 
halogenated C ut> alkyl substituted with 1 to 3 halogen 
atcms, Ci.6alkoxy- or nitro-substituted or unsubstituted 
benzyl, benzhydryl, tetrahydropyranyl. dimethylami- 
noethyl, dimethylchlorosilyl. trichlorosilyl, (5-sub- 
stituted Ci-b alkyl or phenyl or unsubstituted-2-oxo-1.3- 
dioxoden-4-yl)methyK Cg.13 benzoyloxyalkyl or group 
for forming a pharmaceutical^ acceptable salt; and R3 
has the same meaning as above R2'. 

2. The penicillin derivative as defined in claim 1 
wherein Ry is C:.? alkoxymethyl. 

3. The penicillin derivative as defined in claim 1 
wherein R_i is C3-8 alkylcarbcnyloxymethyl, Ct-o alkyl- 
carbonyloxyethyl, (C5.7cycIoalkyl)carbonyloxymethyl, 
Cq-u benzylcarbonyloxyalkyl or Cg-i3 benzoyloxyalkyl. 

4. The penicillin derivative as defined in claim 1 
wherein R3 is C3.W alkoxycarbonylmethyl or Ci_q alkox- 
ycarbonylethyl. 

5. The penicillin derivative as defined in claim 1 
wherein R3 is phthalidyl. 

6. The penicillin derivative as defined in claim 1 
wherein R3 is crotonolacton-4-yl and y-butyrolacton- 
4-yI. 

7. The penicillin derivative as defined ir. claim 1 
wherein R3 is (5-substituted C1-6 alkyl or phenyl or 
unsubstituted-2-oxo- 1 ,3-dioxoden-4-yl)methyl. 

8. The penicillin derivative as defined in claim 1 
wherein R3 is a group for forming a pharmaceutical! y 
acceptable salt. 

9. The penicillin derivative as defined in claim 1 
wherein R3 is Cj-6 alkyl or halogcnated C1-6 alkyl substi- 
tuted with 1 to 3 halogen atoms, Cj^alkoxy- or nitro- 
substituted or unsubstituted benzyl, benzhydryl, tetra- 
hy^dropyranyl, Jiniclhyichlorosilyl and trichlorosilyl. 

10. The penicillin derivative as defined in claim 8 
wherein the group for forming a pharmaceutical^' ac- 
ceptable salt represented by R3 is alkali metal atom, 
alkaline earth metal atom or ammonium, or the group 
COOR3 represents a carboxylic acid salt formed from 
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;, ie carbcxyl group and a member selected fron. ti,e 
group consisting of cyclohexylamine. tr.methylamine. 
diethanolamine. arginine and lysine. 

11. The penicillin derivative as defined in claim 1 
5 wherein R t and Ri are hydrogen. 

12. The penicillin derivative l_> defined m claim 1 
wherein R| is hydrogen and R: is --COOR; 

13. The penicillin derivative a^ defined in claim 12 
wherein R 2 ' is Cms alkyL 

10 14. The penicillin derivative as defined in claim 1 
wherein R2 is tnalkylsilyi. 

15. A pharmaceutical composition useful for treating 
bacterial infections in mammals, said composition com- 
prising (A) a /Mactam antibiotic and (B) a compound of 
the formula 



o o 



20 




2^ 

wherein R, is hydrogen or inalkyisilyi; R : is hvdrogen. 
tnalkylsilyi or COOR2' wherein R : ' is hydrogen. Cms 
alkyl, C;.7aJkoxymethyl ( C3.S aikylcarbonyloxymethyK 
Cuo alkylcarbonyloxyethyl. (Cyi cycloalkyl)car- 

30 ^nyloTiymethyl, Cq. m benzylearbonyloxyalkvl. C;. 8 
aikoxycarbonylmethyl. O.Q aikoxycarbuilyiciiiyi, 
phthalidyl, crotonolacton-4-yl. y-butyrolacton-4-yl, 
halogenated Cj.6 alkyl substituted with I to 3 halogen 
atoms. Ci. 6 alkoxy- or nitro-substituted or unsubstituted 
benzyl, benzhydryl. tetrahydropyranyl. dimethylami- 
noethyl. dimethylchlorosilyl. trichlorcsilyl. (^-sub- 
stituted C|. b alkyl or phenyl or unsubstituted-2-oxo-l,3- 
dioxoden-4-yl)methyl, Cg-i3 benzoyloxyaikyl or group 
for forming a pharmaceutical] y acceptable salt; and R\ 

40 has the same meaning as above RV. the weight ratio of 
(A)/(B) being 0.1 to 10. said /Mactam antibiotics being 
selected from the group consisting of ampicillin. ainox"- 
icillin. hetacillin, ciclacillin. mecillinam, carbenicillin, 
sulbenicillin. ticarcillin, piperacillin, apalcillin. methicil- 

4? lin. mezlocillin, bacampicillin. carindacillin. talampicil- 
iin. carfecillin and pivmecillinam. cephalorsdine, ccpha- 
lothin, cephapirin. cephacetrile. cefazclin. cephalexin, 
cefradine, cefotiam, cefamandole, cefuroxime. cefoxi- 
tin, cefmetazole, cefsulodin, cefoperazone. cefotaxime. 

5Q ceftizoxime, cefmenoxime, latamoxef, cefaclor, cefroxa- 
dine. cefatrizine. cefadroxil and cephaioglycin; and 
pharmaceutical!)* acceptable salts thereof. 

A method cf treating z bactensJ infect'O" *n a 
mammal subject, said method comprising administering 

55 to said subject (A) a /Mactam antibiotic and (B) a com- 
pound of the formula 



O o 
1 



60 



65 



S rw™\: — r— Ri 

N L 

H 

wherein R) is hydrogen or tnalkylsilyi; R 2 is hydrogen, 
tria!kylsilyl or COOR 2 ' therein R 2 ' is hydrogen. C M g 
alkyl, C2-7alkoxymethyl, C3.8 alkylcarbonyloxymethyl. 



r 25 

alUlcaihonvIoweihvl iC< - -, -i.n 

^ny.oxym.hy,. C.,i bcnz >: c;r,i,nv,^S:S y, ^ r - 
Phthalidyl. crotonolacion-t-vl -. u..'.. . } , 5 ' 

;^-c..a, ky , subsIIlu(ed ^'i—rS 

^zh vdr\^°\ mIr H SUbS,,,U,ed ° r -""bsmufed 

r ,i" , y,Ch, , 0r0Silyl - !nch! °^»vl. ('5-sub- 
i n Ci .alkyl or phenyl or unsubstitmed-2-oxo- 1 ° 
d.oxoden-4- y l)rne,hyl. Q,, benzovloxyalkvl or ^ 

<A)/(B, aom.n.sicfcJ oc,n 6 u. ; ... )0 said ZJ-lactaJ 

amp,cill,n. amoxicillin, hetacillin. cicladlii ™mealh 
nam. carb,n,ci!lin. suibenicillin. t.carcillin. leracS „ 

daulhn. taiamp.ciliin. carfeciihn and pivmeciliin-m 
«pWondi„e cephaloth.n. cephap.nn ' cephace"^' 
ce.azonn. cephalexin cefradine. cenLm. cefatSo c 
:;' u, " x,,,,c - cefincttzoJc ccfsuiod:.-.. cc^oe-' 

azone. ce-otax.me. eemzox.mc. ceimenox.mc. ma- 
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moxcf. cefaclor, cefroxadine. cct'atnzmc. cctadroxil and 
ccphaloglycin; and pharmaceutical)/ acceptable salts 
thereof. 

17. The penicillin derivative as defined in claim 1! 
5 wherein K\ is C\.* alkylcarbonyloxymethyl. hydroger.. 

Cj-q alkylcarbonyloxyethy!, (C5- jycloalkyl)-car- 
bonyloxymethyl. G»-w benzylcarbonyloxyalkyl. C;.s 
alkoxycarbonylmethyl. alkoxycarbonyiethyl, 
phthalidyL croionolacton-4-yL y-butyrolacton-4-yl. 
!'J (5-substituted Cj.t, alkyi or phenyl or ursubstituted-2- 

group for forming a pharmaceutical!) acceptable salt. 

18. The penicillin derivative as defined in claim 12 
wherein R3 is C3.8 alkylcarbonyloxymeihyl. hydrogen. 

15 O-9 alkylcarbonyloxyethyl, (Cj.t cycloalkyl)-car- 
bonyloxymethyl, Co.u benzylcarbonyloxyalkyl, C,;.s 
alkoxycarbonylmelhyl. C4.V aikoxycarbonylethy i. 
phthalidyl, crotonolacion-4-yl. 7-butyrolacton-4-yL 
(5-substituted C].* alkyl or phenyl or unsubstituted-2- 

2G oxo-!.3-vjloxoden-4-y!)rnc;hyl. CV ■ ■ bcnzoyloxyalky! cr 



30 



40 



45 



50 



Si 
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ATTACHMENT 2 

IN jsS UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of « Attorney Docket t SAE-22 

RONALD G. KICETICB Ot al 

Serial Humbert 513,491 Croup Art Unit: 122 

Filad« August 1. 1983 Examiner: N. Ri"© 

Pors PENICILLIN DERIVATIVES AND PROCESS 
FOR PKBFARATIOH OF THE SAME 

Dates 



TERMINAL DISCLAIMER 

The Bon. Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 



Sir: 



The Assignee of the above-identified United States 
patent application hereby disclaims any terminal portion 
of the patent to be issued from the above- identified appli- 
cation, vhioh terminal portion exceeds the expiration. date 
of any patent issued from commonlyVassighed United States 
patent application serial numbor 501,560, filed June 6, 
1983 in the names of wieetich, et al. 

The Aasignee herein disclaims any remaining term of 
any patent issued from the above-identified application 
if that patent should" cease to be commonly-owned by the ; 
owner- of any patent" to issue fxom the said United States 
patent application serial number 501,560. 

. she Aasignee herein is the Assignee of record as 
evidenced by the Assignment from the applicant* recorded 
io the United States Patent and Trademark Office on 
August 1, 1983 at Reel 41-61 Framee.964 and 965, 
Taiho Pharmaceutical Company Ltd. 

. Man e Gnkto Kobavasfai . 

Title ' President 



n,* - April 11. 1985. . 
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UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Atidfcu. COMMISSIONER OF PATENTS AND TRADEMARKS 
Wmhington. D. C. 20231 



nu:.:;:M J 



N1KM i>0, MrtRMH'..SU : -.:iW- MURRAY & OR mi 
F rR-M'i it -; I !•:[.• : i .. M. hi. 



JUN-8/9S3 

1 llill 5r 



wvi i i-ifi II :-r- 
I-.-.. ■ i ! I , ; : 



MAINTENANCE FEE STATEMENT 



The data shown below is from the records of the Patent and Trademark Office. If the maintenance fees 
and any necessary surcharges have been timely paid for the patents listed below, the notation "PAID" will 
appear in column 10, "status" below. 

If a maintenance fee payment is defective, the reason is indicated by code in column 10, "status" below. 
An explanation of the codes appears on the reverse of the Maintenance Fee Statement, TIMELY COR- 
RECTION IS REQUIRED IN ORDER TO AVOID EXPIRATION OF THE PATENT. NOTE 37 CFR 
1.377. THE PAYMENT(S) WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION. 
IF PAYMENT OR CORRECTION IS SUBMITTED DURING THE GRACE PERIOD, A SURCHARGE 
IS ALSO REQUIRED. NOTE 37 CFR 1.20(k> and (I). 

If the statement of small entity status is defective the reason is indicated below in column 10 for the 
related patent number. THE STATEMENT OF SMALL ENTITY STATUS WILL BE ENTERED UPON 
RECEIPT OF ACCEPTABLE CORRECTION. 
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If the "status" column for a patent number listed above does not indicate "PAID" a code or an asterisk 
{*) will appear in the "status" column. Where an asterisk (*) appears, the codes are set out below by the 
related item number. An explanation of the codes indicated in the "status" column and as set out below 
by the related item number appears on the reverse of the maintenance fee l^^Si*^^^»^m^m^amiKB 
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ATTACHMENT 4 



ZOSYN NDA 50-684 PATENT TIME CHRONOLOGY 
DATE EVENT 

IND ACTIVITIES 

6/10/88 IND 31,705 filed with the Anti-Infective Division 

7/2 9/8 8 FDA Meeting re initial clinical program. 

8/24/88 FDA Meeting re preclinical and clinical issues. 

1 0/2 7/8 8 Amendment for Protocol 68-5 Hospital Acquired Pneumonia 

1 1/2 2/8 8 Amendment for Protocol 68-9 Skin and Skin Structure Infections 

12/7/88 Amendment for Protocol 68-17 Intra-Abdominal Infections 

2/23/8 9 FDA Meeting re Phase 1/ Pharmacokinetic Program 

5/2 3/8 9 FDA Meeting re study 68-36, treatment of hospital acquired lower 

respiratory tract infections. Interim safety data presented. 

5/30/89 IND Amendment containing mutagenicity and Segment 1 and 3 data filed. 

6/6/8 9 FDA Meeting re toxicology and clinical issues; FDA requests added 

mutagenicity and repro testing. Gynecological Infection protocol 
discussed 

7/2 7/8 9 FDA Meeting re format and content of Human PK and Biopharm NDA Section. 

9/27/89 Amendement for Protocol 68-28 Gynecological Infections. 

11/1 7/8 9 End of Phase II FDA Meeting focusing on safety aspects of clinical program. 

Neutropenia study discussed. 

12/7/8 9 FDA Telecon with Ms. Tricia DeSantis, Project Manager, re 3 day reports. 

1/30/90 Amendment for Protocol 68-36 Community Acquired Pneumonia. 

2/2 0/9 0 Tox Amendment - 6 month rat IP and dog IV; 2 week dog SC pilot study as 

requested at 6/6/89 FDA meeting. 

3/1/9 0 FDA Meeting re inital plans for Computer Assisted NDA (CANDA). 

3/2/9 0 FDA Meeting re PK in renally impaired patients and M1 metabolite of 

tazobactam. Added data requested. NDA requirements for foreign studies 
discussed. 

4/4/9 0 Additional mutagenicity studies submitted. 



FDA Meeting re animal and human data supporting use in renally impaired 
patients to include 3 week dog tox study of M1 metabolite. 

Reproductive toxicology studies in the rat submitted. 

Submission of data supporting initiation of renal impairment study, including 
tox data on M1 metabolite. 

FDA Pre-NDA Meeting; FDA willing to accept added "RS" pathogens from 
European trials. Format of study reports and "master table" (listings) 
discussed. 

FDA removes hold on enrollment of renally impaired patients in multiple dose 
PK study. 

FDA Pre-NDA Meeting to discuss filing strategy. Microbiology, data 
conventions and evaluability were also discussed. 

FDA Meeting re Biopharm CANDA and content/format of Human PK and 
Biopharm NDA Section. 

FDA Meeting re design of CANDA for use by medical reviewer. 
FDA telecon re design of CANDA for use by statistical reviewer. 



NDA Activities 



NDA 50-684 filed with Anti-Infective Division for Intra-Abdominal and 
Skin and Skin Structure 

NDA Amendment for Gynecological Infections 

NDA Amendment for Community Acquired Pneumonia 

Bulk Tazobactam Amendment 

Environmental Assessment Update 

First Safety Update 

Bulk Tazobactam Amendment - Process Modification 
Environmental Assessment Appendices 
Second Safety Update 
Demographic Subset Analyses 

Comments from Cyanamid in responding to FDA draft labeling, received 
from FDA on 8/13/93. 

NDA 50-684 approval received. 



ATTACHMENT 5 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

RE: U.S. Patent No, 4,562,073 
ISSUED: December 31, 1985 
TO: Ronald G. Micetich, et al 
FOR: PENICILLIN DERIVATIVES 

Honorable Commissioner of Patents and Trademarks 
Box Patent Extension 
Washington, D.C. 20231 

POWER OF ATTORNEY 

Taiho Pharmaceutical Company Limited, owner of the above 
identified United States Patent No, 4,562,073 issued December 31, 
1985, hereby appoints Robert B. Murray, Reg. NO. 22,980, of the 
firm Nikaido, Marmelstein, Murray & Oram, as their attorney to 
represent them in proceedings in the United States Patent and 
Trademark Office and the Food and Drug Administration to extend the 
term of Patnet No. 4, 562, 073 pursuant to the provisions of 35 
U.S.C. Section 156 and to transact all business in the United 
States Patent and Trademark Office in connection therewith. This 
Power of Attorney is effective immediately and shall continue 
unless revoked, until the completion of the indicated proceeding. 

Please direct all correspondence to: 

Robert B. Murray 

Nikaido, Marmelstein, Murray & Oram 

Metropol i tan Square 

Suite 330 - G Street Lobby 

655 15th Street, N.W. 

Washington, D.C. 20005-5701 

Taiho Pharmaceutical Company Limited 

Date November 15 r 1993 Bv ^ ^\ m J L v/ t ^ ^ 

Typed Name <y Yukio koravakht 



Title President 




